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Drill MIO 


DRILLS THE WORLD OVER 



































Diamond Drill 


F.100 














Arduous drilling jobs cease to be a problem with 
the wide range of Mindrill's drilling equip- 
ment — unrivalled for economical and efficient 
drilling operations. 

Pick what you require from the large range of 
over 18 models—each distinguished for capacity 


and power to suit your precise 
requirements. Choice of drives 
—Petrol, Diesel, Electric and 
Air. Capacities range from 30 
feet to. over 10,000 feet 


Free advisory service and after 
sales service available from a net- 
work of branches 
all over India from 





Sole Concessionaires. 


GREAVES COTTON & 
COMPANY LTD. 


Bombay, Ahmedabad, Bangalore. 
Calcutta, Coimbatore, Kanpur 
Madras, New Delhi 

Ralli House, P. B. No. 702 

16, Hare Street, Calcutta 
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POWER CABLES 
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Available ex-stock 


SIEMENS-SCHUCKERTWERKE AG 
GERMANY 


SOLE REPRESENTATIVES: 


SIEMENS ENGINEERING & MANUFACTURING CO. 
OF INDIA PRIVATE LTD. 
BOMBAY — CALCUTTA — NEW DELHI — MADRAS — BANGALORE 


WT NSE-10 | 
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Fabrication 
and Erection of complete 


Pipework 


e : STEWARTS AND LLOYDS 
installations OF INDIA PRIVATE LTD. 


for Steam, Gas, Compressed HEAD OFFICE : 41, Chowringhee Road, P.O. Box 270, Calcutta 


Telephone : 44-5224 (7 lines) & 44-1461 


WORKS : 39, Hide Road, Kidderpore, Calcutta 
i Air, Fuel Oil etc. Telephone : 45-3515 (3 lines) 
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Coleroon bridge on the Chidambaram-Sirkali Road 


THE COLEROON BRIDGE in Madras, one of some 
sixty Prestressed Concrete Bridges in India today, 
is unique in that each of its spans is an unbalanced 
cantilever. Crossing the Coleroon River in 14 long 
spans of 159 feet each, the bridge consumed [52 tons 
of high tensile and 72 tons of mild steel. 

Upwards of 1,200 tons of cement went into the 
production of the high quality concrete so essential 
for all prestressed concrete work. 







BUILD TO LAST 


with ACC cement — 


PLENTY AVAILABLE —a product of Free Enterprise 


AT CONTROLLED PRICE THE ASSOCIATED CEMENT COMPANIES LIMITED 
THE CEMENT MARKETING CO. OF INDIA PRIVATE LTD. 











ACC. $8.33 “EVEREST 
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TIMKEN USA. 


TAPERED ROLLER BEARINGS 





YEARS OF 





LEADERSHIP 


The world’s oldest and largest manufacturer of tapered roller bearings 


What do you get when you buy Timken made-in- 
U.S.A. tapered roller bearings? You get 60 years of 
leadership in designing, making and improving tapered 
roller bearings. You get all the experience that goes 
into making bearings of unequalled accuracy — as fine 
as 1.9 thousandth of a millimetre run-out tolerance. 
You get the finest steel because we make it ourselves. 
Leading manufacturers the world over specify 


Timken made-in-U.S.A. tapered roller bearings 
because for 60 years, they’ve been the number one 
bearing value. 

Get the most for your money. Specify Timken 
made-in-U.S.A. tapered roller bearings for the next 
machines you buy or build. Available world-wide. 

The Timken Roller Bearing Company Canton6, 
Ohio,U.S.A. Cable address: “‘TIMROSCO”. 


NOT JUST A BALL ©) NOT JUST A ROLLER) THE TIMKEN TAPERED ROLLER G-> BEARING TAKES RADIAL ry AND THRUST -€)- LOADS OR ANY COMBINATION Big 


— 
eres Distributors: Woltas Limited Bombay « Calcutta * Madras * New Delhi * Bangalore »* Cochin. 


CL-8-633 
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Today electricity and telephone 


companies are cutting their in- 
stallation costs with the weight- 
saving advantages of cable in- 
sulated with POLYETHYLENE. It is 
the lightest commercial plastic, yet 
has high tensile, impact and 
flexural strengths. It pulls and 





strips easily, yet won't festoon or 
rot. POLYETHYLENE possesses out- 
standing resistance to moisture, 
sunlight, weathering and aging. 

Installation economy and long 
service life make POLYETHYLENE 
an ideal material for wire and 
cable covering. 


POLYETHYLENE EXCELS IN DIELECTRIC PROPERTIES, 

CHEMICAL-RESISTANCE, PHYSICAL CHARACTERISTICS 
Because it is extremely inert and highly resistant to chemicals, POLYETHYLENE is an 
ideal covering for cables used in chemical soils such as are found in sea-shore areas 
or chemical factories. POLYETHYLENE is also being increasingly used for covering 


underwater cables. 


POLYETHYLENE will shortly be manufactured in India by 
National Carbon Company (India) Limited at their plant 


at Trombay Island, Bombay. 
CABLES COVERED WITH 


TRADE MARK 





An 


Polyethylene 


ENSURE YEARS OF TROUBLE-FREE SERVICE 


“ INDUSTRIAL PRODUCTS DIVISION 


NATIONAL CARBON COMPANY (INDIA) 


BOMBAY @ CALCUTTA 


DELHi @ MADRAS 


LTD. 


The term UNION CARBIDE is o registered trade mark of Unien Carbide Corporation, U.S.A. 
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“ Durajoint”’ is the registered name for strips of 
specially designed section extruded from PVC (Polyvinylchloride). 







EXPANSION JOINTING FOR CONCRETE 


Durajoint forms a pliable, watertight joint between adjacent sections of all 
plain or reinforced concrete structures subject to water pressure. (In tests at 
the R. H. Stanger Laboratory, Durajoint 9” (230 mm.) wide withstood a 
pressure of 150 Ib./sq. in. (10.5 kg./sq. cm.) or 350 ft. head (107 m.) Dura- 
joint—tough, flexible, durable and easily handled—surersedes metallic 
strips and bituminous materials. It can be supplied in standard rolls in 
widths of 2}” (60 mm.), 33” (95 mm.), 6” (150 mm.) and 9” (230 mm.). The 
ends are easily joined to make continuous lengths and T, X and L joints can 
be prefabricated at our works or made on site. The ribbed cross section 
ensures that Durajoint bonds effectively to concrete and prevents per- 
colation of water. Write for a copy of the booklet “Durajoint”, freely available 
on request, containing full technical details. 


(British Patent No. 646268) 





Agent for North India Agent for South India 
S. LAUL & CO., MODI & MODI 
15/21 Civil Lines, Kanpur, and P.O. Box 293, 11 Linghi Chetty Street, 
10 Alipur Road, Delhi. Madras 1. Tel: Madras 3096 
Tel: Delhi 25208 (Madras, Mysore, Andhra, 


Travancore—Cochin, and Coorg.) 
here ts nothing to compare wittc DURAJOINT 
THE MICANITE & INSULATORS CO., LTD., 


iio and i EMPIRE WORKS - BLACKHORSE LANE - WALTHAMSTOW . LONDON, E.I7. 
Tel: Larkswood 5500. ’Grams: “ Mytilite”, Easphone, London. 














Youthful eyes gaze in wonder, as Nature unleashes her fiery furies in 
the skies. Awe inspiring to behold, the spectacle represents the 
power inherent in Nature—uncontrolled electricity completely wasted. 


Harnessed electric power, however, is the great motivator of modern 
industry. And wherever electricity comes from, wherever it goes, 


Henley Cables and Distribution EN LE 
Equipment carry it surely and H 
safely. No manufacturer has more W.T. HENLEY’S TELEGRAPH WORKS CO., LTD. 


experience in the design and (Incorporated in England) 


; Calcutta Bombay New Delhi 
manufacture of super-tension estes be Soo bots 





HCC-60 cables up to 132 kV. The Crompton Engineering Co, (Madras) Private Ltd., Madras 
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Caterpillar equipment is built 

to last longer. With regular care 
and planned repairs your machine 
will still be running when inferior 


quality equipment is down. 


Let us help you obtain the full long 
life built into every Caterpillar part. 
Spare parts are in short supply, 

plan and order ahead. Rebuild and 
reuse critical parts. Schedule repairs 
at the right time. Your Caterpillar 
dealers have the special tools, the 
experience and the “know how” 


to keep your machines on the job. 


Their unrivalled service and parts 


Organisations can ensure minimum 





“down time,” maximum outputs 


under all conditions, at all times. 





TRACTORS (INDIA) LARSEN & TOUBRO WILLCOX (BUCKWELL- 
LIMITED LIMITED INDIA) PRIVATE LIMITED 
Post Box 323, Calcutta Post Box 278, Bombay Post Box 289, New Delhi 


Post Box 66, Lucknow Post Box 5247, Madras New Colony, Jaipur TIIPI93 
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Comprehensive hydro-electric 


. ag ea ' a 


The entire plant and equipment for the Sengulam Power Station in Kerala, India, 
was supplied by The English Electric Company. The equipment included four 
36 in. dia. cylindrical-balanced high-pressure inlet valves; four 12 MW, 1,120 ft. head, 
500 r.p.m. turbo-alternator sets; four 11/66 kV transformers ; 66 kV and lower- 
voltage switchgear and control panels; and additional switchgear at the Pallivasal 
Switching Station. 

Other comprehensive hydro-electric installations in India equipped by 
“English Electric” are the Radhanagri, Nizamsagar and Sarda Power Stations. 
Hydro-Electric equipments have also been supplied or are being supplied for the 
Power Stations at Bhira, Hirakud, Rihand, Poringalkuthu, Papanasam and Mettur. 


Every aspect of hydro-electric design and manufacture 
is dealt with inside the company’s organisation. 


hyd ro-electric 


ENGLISH ELECTRIC’ equipment 


THE ENGLISH ELECTRIC COMPANY LIMITED 


(Incorporated in England. Liability of Members Limited) 
New Delhi Calcutta Bombay Madras Lucknow 


_ ae Manufacturers of the famous CANBERRA Jet Bombers eae _ 

















Jaldhaka Project 





Though West Bengal claims to be the pioneer in 
development of hydro-electricity in this country 
having harnessed water potential at Darjeeling as early 
as in 1897, its hydo-power development in general 
has not been spectacular because of remoteness of 
hydro power sites from the industrial areas needing 
bulk of electrical energy and availability of coal in 
abundance near load centres in southern part of the 
State. Again, with political division of the country 
the northern region of the State has virtually been 
isolated from the rest thereby, creating transport 
bottlenecks that greatly retarded the progress of 
developmental activities in this part where most of 
the hydro-power sites exist. As a result, develop- 
ment of hydro-electricity in West Bengal could not 
proceed at par with other sister States in the country. 
Jaldhaka Hydro-electric Project is the first major 
venture to harness a sizeable potential and open up 
the way to industrialisation in this comparatively 
backward region of the State. 


Jaldhaka river or Dichu rises at an altitude of about 
15,000 ft. in Sikkim, makes its course through Bhutan 
up to Bindu where it is met by two major tributaries 
Ni chu and Bindukhola and thereafter forms 16 miles 
boundary between Bengal and Bhutan. It then 
enters the plain of North Bengal, collects water from 
a number of other tributaries and finally meets Torsa 
in East Pakistan. The reach between Bindu and 
Naksal has a fairly good gradient about 1 in 40 on the 
average and a total drop of 1000 ft. approximately 
promising a good potential to be harnessed for genera- 
tion of electricty. 


The potentialities of Jealdhaka river have been 
known to engineers since as far back as 1918 when 
Mr. J.W. Mears undertook a reconnaissance to the site 
and mentioned in his ‘Preliminary Report on the 
Water Power Resources in India’. Attempts were made 
in subsequent years by Darjeeling Municipality, 
three sister Departments of former undivided Bengal 
Government (I. & W. Deptt., River-Research and 
Electricity Development Directorate), and Messrs. 
Gruner Brothers, a reputed firm of Switzerland, (who 
were engaged by Government of West Bengal) 
to conduct topographical and hydrological surveys 


By MONORANJAN DATTA 


for assessment of power potential of the river and 
prepare a scheme for harnessing the same till in 1956 
a detailed workable report embodying the present 
proposal based on assiduous study and investigation by 
West Bengal State Electricity Board was submitted to 
the Planning Commission for inclusion in the Second 
Plan programme. 


Stagewise Development 

The reach of the river between Bindu and Naksal is 
proposed to be harnessed in three stages. The first 
stage will utilize a drop of 580 ft. between Bindu 
Khola confluence and Biru Khola confluence, the 
second stage, a further drop of 300 ft. upto Naksal 
confluence while the third stage envisages to utilize 
a drop of about 1,300 ft. on the Ni chu, a tributary to 
Jaldhaka river forming Northern boundary of West 
Bengal with Bhutan. The power available at 50% 
load factor in the above stages are 36,000 kW, 24,000 
kW and 24,000 kW respectively including 18,000 kW 
and 12,000 kW of secondary power in the Ist and 2nd 
stages. 


As per some experts the lower reaches of the Jal- 
dhaka river also promise a good potential to the 
extent of about 77,000 kW though the prospects of 
developments may not be as bright as in the upper 
reach because of cost consideration. But, as engineering 
techniques are improving day by day bringing consi- 
derably down the erection costs, it may not be too 
optimistic to expect some more stages developed 
in the lower reaches of the river at a later date 
commensurate with the load growth. 


The decision to develop the above potential ina num- 
ber of stages in preference to a single stage development 
was favoured for reasons of topography of the terrain, 
optimum utilization of water resources of the basin, 
offering employment opportunities for a longer period 
and also to relieve heavy pressure on foreign currency 
reserve of the country. For thereason mentioned last 
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initially two machines have been proposed to be insta- 
lled in Stage I while all civil works upto substructure 
height will be completed leaving the superstructure 
and the electrical and mechanical works to be taken 
up in later years as and when load demand so 
warrants. 


Hydrology and General Aspects of Project Planning 
The river up to its confluence with Bindu Khola 
drains a total area of 172 sq. miles of which about 
150 sq. miles falls within the territory of Bhutan 
and an agreement has to be reached with the above 
State for utilization of its water resources. There is 
no rain gauge station within the above catchment but 
rainfall data of the neighbouring catchments (one 
station at Sombe Dzong in Bhutan and the other at 
Gangtok in Sikkim) are available from 1954. In the 
lower reaches of the river three raingauge stations at 
Jhalung, Gairibas and Rongo are existing. From a 
knowledge of rainfall data of the above stations the 
average annual rainfall within the catchment in ques- 
tion has been assumed to vary between 110 inches in 
the upper reach and 220 inches in the lower reach. 


The river slopes down from an altitude of 15,000 ft. 
above MSL to 2,000 ft. above MSLat Bindu and there- 
after maintains a more or less steady gradient of 
about 1 in 40 from Bindu to Naksal confluence. As 
such there is practically no scope of building a storage 
dam for utilization of total annual run-off of the river. 
On the other hand, the river has fairly steep gradients 
promising development of a run-of-river plant based 
on dry period discharge only which is of the order of 
250 cusecs. A 4 MCft capacity pondage available at 
the intake will take care of daily load fluctuations 
(load factor estimated at about 50%) and the maxi- 
mum dry period draw-down during peak hours of 
demand could be increased upto 500 cusecs thus 
enabling to cater double the quantity of load with the 
same resources. 


Fig. 3.—Flow Duration Curve. 
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The flow duration curve (fig. 3.) of the river suggests 
that minimum discharge period extends over hardly 
three months (from February to April) while during 
rest of the year theriver discharge is much in excess of 
that in the dry period. A unique feature of the project 
lies in the fact that availability of excess water in the 
river synchronizes with seasonal load demand of the 
tea industriesof Dooarsand Darjeeling area—oneof the 
major industries that earn bulk of the foreign exchange 
for the country—for it is rain that brings out tea leaves 
and at the same time swells up the river. Normally, 
it is very difficult to find a market for such seasonal 
demand and excess water of the streams run to waste 
but Jaldhaka is fortunate enough to have a ready 
market for this secondary power in tea industries of 
North Bengal. Considering all these factors Jaldhaka 
Project has been designed to give a firm output to the 
extent of 18,000 kW at 50% L.F. keeping provision for 
same quantity of seasonal power generation. 


The Project in Brief 

The Jaldhaka Project First stage envisages con- 
struction of a short diversion weir across the river 
below its confluence with Bindukhola. The intake 
arrangement at the weir will divert water into a 
water conductor system consisting of reinforced 
cement concrete duct, a short length of open flume 
and two and half a mile tunnel terminating into a 
surge chamber wherefrom four steel lined tunnels 
and afterwards steel penstocks run up to the power 
house located at an elevation of 1364 R. L. on the river 
bed below Paren hill. The tailrace water will be dis- 
charged into a channel. 


The Power house will accomodate 4 turbo-alterna- 
tor sets each having a rated capacity of 9,000 kW. 
electrical power generated at 11,000 volts and on 
being stepped up to 66,000 volts in the adjoining out- 
door switch yard will be transmitted upto Jalpaiguri 
in the south, Darjeeling in the West and Coochbehar 
in the East to cater electricity to the power hungry 
areas of North Bengal. 


Intake 

The weir proposed to be constructed at the site 
mentioned above will be of stone masonry construction 
with cement mortar and will heve its foundation on 
the herd rovk. The dam profile will have an ogee 
shape and the spillway designed tc safely rout 2 flood 
having a peak velue upto 80,0C0 cusecs. Three 
30 ft. crest gates will be installed. The intake 
pond has been designed to provide a live storage to 
the extent of about 4 MCft sufficient to take care cf 
diurnal load fluctuations during the dry months cf a 
year. 


The dam will comprise of three parts, right non- 
overflow dam, left non-overflow dam and the central 
spillway dam. The right section will be a composite 
structure partly of stone masonry and partly of ear- 
then embankment. The left section will be solid maso- 
nry structure. 


The intake structure for diverting water into the 
water conductor system and also for controlling flow 
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Fig. 2. Jaldhaka catchment in reference to the neighbouring catchments. 
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of water will be located in the right non-overflow sec- 
tion of the weir and will be of stone masonry construc- 
tion. The intake opening with the sill has been design- 
ed rectangular in shape with a bell-mouth and will be 
capable of discharging 1000 cusecs corresponding to 
a pond level of 1905.60 R. L. 


Water Conductor System 

The water conductor system will comprise 300 ft. of 
r. c. ¢. duct, 2500 ft. long lined channel and lastly 
12,250 ft. ofr. c. c. lined tunnel. Ther. c.c. duct will 
have a 10 ft. dia horse shoe section opened tc a channel 
through a transition with provision for a cistern and 
friction blocks and designed for flow of water under 
pressure. The open channel will have a trapezoidal 
section having a bed width of 12 ft., side slope 1:11, 
a bed slope 1 in 1000 and will be lined with 18” cement 
masonry throughout. The channel will carry a dis- 
charge of 600 cusecs when the pond level at the intake is 
1904.00 R. L. The variation in reservoir water level 
between R. L. 1904 and R. L. 1924 will be reflected in 
the channel as the gates at intake cannot be operated 
for regulation except during floods. Theregulation of 
flow in the channel corresponding to the load demand 
will automatically be done by the governor in the 
power house and will be effected by changes in the 
surface slope of the water. The maximum depth of 
water in the channel will be about 25 feet and a free 
board of 3 ft. has been provided throughout to take 
care of waves due to sudden rejection or take over of 
load in the power house. In reaches where heavy side 
cutting is deemed necessary provision for revetment 
walls has been made. Again, where excessive filling 
becomes necessary proper consolidation and pitching 
would be done. Catch water drains at suitable places 
will also be provided so as to minimise chances of slips. 


During monsoon months when in the absence of 
control at the intake the discharge entering the chan- 
nel is more than the demand for power, the excess 
water has to spill back to the river through a side 
spillway to be located as close to the intake as possi- 
ble to prevent overflow from the channel. 


Tunnel 

The last portion of the water conductor system is a 
10’ dia horse shoe section r. c. c. lined tunnel 12,250 ft. 
in length and provided with a bed slope of 1 in 84 
keeping in view the level of the maximum negative 
surge in the surge tank. The tunnel route could not 
follow 2 straight path because of topography and 
absence of requisite rock cover all long and two small 
angle bends had to be provided the construction 
of which will not offer much difficulty. A 9” cement 
concrete lining with a provision of 6” for the average 
overbreak has been proposed. In places where the 
rock is weak extra provision for overbreakage to acco- 
mmodate the necessary temporary or permanent 
supports has been indicated. In ordar to facilitate 
construction work and thereafter inspection during 
operation period two intermediate adits (pending 
finalisation of their location at site) will also be 
provided. 


Surge Tank 

The Surge tower comprises 24’ dia (internal) main 
shaft 220’ ft. high of which 170 ft. will be below natural 
ground and the remaining 50 ft. will be a built up over- 
head steel tank. It has a 10’ dia expansion gallery 
about 300 ft. in length joining a 160 ft. vertical riser 
opened into a 80’ dia surface tank. The arrangement 
described above results in considerable saving com- 
pared to a single shaft tank. 


The surge shaft has been designed to work satisfac- 
torily under maximum positive and negative surges 
and also the water hammer effects on the tunnel and 
penstock. The shaft will take care of the maximum 
and minimum levels resulted by sudden rejection of 
lo2d due to shut down of all generating units when a 
severe fault occurs at the common Bus or switching in 
of a huge block of load all on a sudden. Thearea of the 
surge tank provided satisfies the condition of stability 
of Thoma with a good factor of safety. However, 
the final design of the shaft would be arrived at after 
model test in the Hydraulic Research Laboratory 
at Poona or in the River Research Institute of the 
State Government. 


Steel Lined Pressure Tunnels and Penstock 

Steel lined pressure tunnel having a 5’ 6” internal 
diameter will take off from the surge tank and join 
steel penstock of same dia leading to the power house 
at the river bed. Initially two penstocks will be install- 
ed but all preliminary work for subsequent additions 
of two numbers more will be completed along with 
installation of initial ones. The pressure tunnel is 
about 670 ft. in length whereas the length of each pen- 
stock has been estimated at 1,810 ft. The penstocks 
will be supported by r. c. c. saddles spaced 20 ft. 
centres and four anchor blocks suitably loeated will 
hold the pipes in position. The velocity of water in 
the pipelines corresponding to a maximum discharge 
of 250 cusecs per penstock is 10.5 ft per sec. Provision 
of expansion couplings at the power house end to 
ensure safety of the machines against differential 
settling of the penstock bed is under consideration. 


Power House and the Tailrace Channel 

The power house building will be of reinforced 
cement concrete construction and the wall in super 
structure will be of stone masonry. The machine hall 
will have a clear width of 33 ft. and a length of 80 ft. 
initially to house two generating units and the service 
bay. The units are spaced at 25 ft. centre to centre. 
The generator floor level is R. L. 1372.00 and the 
central line of the distributor has been fixed at R. L 
1368.00. An overhead electrically driven single trolly 
travelling crane having a maximum capacity of 30 
tons for the main hook and 5 tons capacity auxiliary 
hook will be provided in the power house. Main hook 
will be operated for transporting heavier parts while 
the auxiliary hook will be utilized for speedy transporta- 
tion of smaller parts within the power house building. 
Two vertical Francis reaction type water turbines 
each having @ rated output of 12,800 h.p. under gross 
head ranging between 562 fc. and 542 ft. are to be ins- 
talled. Two alternators, each of 9,000 kW capacity 
and generating power at 11 kV 3 phase, 50 cycles will 
be directly coupled to the turbines. The generators 











*s20forg 911999[2-01pAHy wyeypref ay? Jo node] —*y “Byy 

















NV1d SILVWANVYOVIG 
3LIS 
L93fONd DIYLOI TS OMOGAH VAVHO IS 


LONT TWAOL 
INNYHD N3d0 “ A es 


——__—* i ge of ee ae ‘ ee <4 


ae WIOLSNId~ AY = Ly Ae 
PT ANY youn Ti S 

J i’ a— SONY @ s 

=. Va his pusisi)mxooosxa 7” ww on hl upe(™ 











Vids Jaa 
¢ 














ot 
<= ( 
ay, ewe ISnOr 
= - = = ‘ ¥ is ‘ = = Soa y oft 
- ase’ oe eth os 
—“~SY SS ser oat 
ea ap JR 4318 eae 
+) " eswnt 6u0zg es6u07g 
a wink arta ite. ait = [an 
cr Te Sa ae me ee $s ww N 


























*syuaudmby wopessqng pus euyy yo mode] opeursqog—"g “344 






































3SNOH BIMOd Ke 
— yy 
Aa 
= SIS eNHVeWwS 
vAa @00 
‘ anunke 
“ove 
va seo 
ray 0008 
mre (a. U ww ane 
mo = 4 van eet 
4 2 
7 by 
2 
—¢ 


oan i Par? 


Glu 


s/s Nauvd 8 




















4 





wa 9o J / 


NOGaNe oteme ceesOhe 











s/s uvnaungiiv 





Aves 
“7 ql if 
tt 
VLVHNIG 
2 PNVDNVSOOL 1 
* wvnaeno002 . 
Vuvdonis va AYHVUVd¥ONYT ae vane — z 
4 a S 
ININD WW VONVONOD 2n09030 VLVAV IWS AVHYYNYE ViVNEaA¥D « 
L 4 { , 
J 
4 6 = ” * : = 
= Zz z z z = 4 
° FA z 4 5 in : 
wo e ° s 
1v907 W207 My WO Suvna waer syend poe 
= mova 
anu anu Anu anu ae’ 
Movs MoVa “ove wove ann 
vam 0004 vax 0001 WA» 0001 WAN 000t 
ax u/o9 ax 11/99 Ei t an ni/99 ax u/9® 
an99 Ax 99 = . axnoe = au99 . 
| pant + Pe v901 ww 
* saw 21 ce saw 91 rn ed $311" 01 Preseli $3 22 
— 
ri Ft pin 
S/S SNVDNOLTUWYH s/s iwnrnw S/S 1uNDYNNIG s/s vSIWHO 


























SwIzaruve 
% 
4 
ant 
HIVS sends uw sis q 
VAN OO0€ 
wa9.9/6€ 40 4 
Am 1/99 Vesna ago 
4 4 
qn = DNOGHITV b ra 
- 7 Z 
as HOVE VAN OOOR 
é ams/ss 
3 
: 
. spe An oom auoo i L 
{ annuase _ sis ipnwus 
- om 
TC yY 
% v3uv Suvng x 
Zz z 
= m 
DJ « 
awit 
“we 
wan 000) 
anufss 
| 


Bs | 





savin St 








S/S LOMVUDVS 








| 


INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—JAN. 1959 






















HYDRO eaf'sm 
WALOHAKA HYDRO nes PROVECT) 


_« 2 2 2S 





STATE RouNosRy pamed 
DISTRICT BOUNDARY - 
@oa0 so; 
River 

RAWways oeenes 
66 KV. TRANSMISSION Line ooo 
33 KV. TRANSIUISSION Line ~-_—-oo_— 
t mv TRANSMISSION LINE —-<<-= 
HYOEL POwER STATION o 
OIESEL PowER STATION (Existimc) @ 








U PROPOSED TRANSMISSION LINES SHOWN 1m FimM Line 
EXISTING TRANSMISSION LINES SHOWN Mm DOTTED Line 
. SUB- STATION POINT oJ 
TEA GARDEN AREA BSEX 
. A eal 
\ >>. 
cee (i N 
< e 4 4 Se * 4 OAL SINGPARA 
AA Binacum ai . * 2 
a ie ETT LN 
occ, BUR UNA” \3 eo. Sempeeny 
a - = AB accom 
nat m4 i © a2 R Otters nis - 
te F fs ones s te, #8 ee, 
; ’ re fons 

oh Qo Fee Sf, ‘“c% ges 
z 3) dee 4) eee ee Tea sagnatenawd - 

Pa ff oe mt sent * Psedesadi 

ASOT SN Sear ea as : ‘ ity 3 

“ * : 7 . 
. é ‘ 





> 


ware: EAST PAKISTAN 
SINAGUR! ~- DHUPGUR: & 
BimaGueal ~- FALAKATA LUNES 


SMALL BE INSULATED FOR S3Ky 
AMD EWERGISED WITIALLY AT Hav 


“aL ys duag : 
: fia? Tiereet cay 





JALDHAKA POWER SYSTEM 
ROUTE LAYOUT OF TRANSMISSION 
SVSTIM 





WEST BENGAL 
STATE ELECTRICITY B0ARO 





0aG wo. JPR-T2 


TRACED BY* tmneye 





€M4ECKEO BY: SFA, 


suemmrrsoer: Be ix, 





RECOMMENDED ay* {APPROVED BY", 











Stata: Omuas~ f" DATE :-+4. % $8. 








Fig. 5—Transmission line route layout. 


will operate with ungrounded neutral but for the 
purpose of earth fault indications 2 Nos. 11/0.4 kV 300 
kVA Zig-Zag/Star transformers which would serve 
the dual purpose of earthing as well as supplying the 
station auxiliaries will be provided. The subsidiary 
facilities such as drainage and dewatering system, raw 
water supply system, lubricating oil system, compress- 
ed air supply and fire fighting equipments will also 
be provided in the power house. 


The main outdoor switchyard laid out for two bays 
will be located close to the power house. The switch- 
yard structures will be of lattice construction. An 
earth screen will be formed over the station which will 
be bonded to the station earth bus and ground wire 
of the outgoing transmission line. 


Four units (including one spare) single phase 50cycles, 
6,700 kVA_11/66kV O. F. W. type transformers 
suitable for® outdoor duty will be installed at the 
switchyard for 66 kV overhead transmission. Single 
phase transformers have been adopted in preference 
to three phase units because of transportation difficul- 
ties in the hilly terrain. For the same reason O.F. W. 
type has been preferred to the more common ‘ON’ 


type since in case of the former the weight of 
individual package would be much less. 


Transmission System 

Jaldhaka Project envisages a network of 66 kV, 
33 kV and 11 kV transmission lines to cater electri- 
city in the districts of Jalpaiguri, Coochbehar and 
Darjeeling. From the main outdoor switchyard a 
66 kV double circuit overhead transmission line with 
0.10 sq. in C. E. A. C. 8. R. will run upto Chalsa the 
main receiving station. From this place two single 
circuit 66 kV overhead lines, one upto Alipurduar 
via Binnaguri, Hamiltonganj while the other line 
proceed westwards upto Silliguri and Darjeeling via 
Maland Bagrakot. 33 kV sub-trnsmission lines and 
11 kV distribution lines emanate from all 66kV grid 
substation and connects almost all small and big 
towns of North Bengal besides a large number of tea 
estates of Dooars and Darjeeling areas needing 
electricity in bulk. 


Prospects 
Jaldhaka Hydro-electric Project is the first major 
power project of North Bengal and therefore, enjoys 
the distinction of being fore-runner of all future in- 
[Continued on page 20 
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SCARPA & MAGNANO plan and 
manufacture complete plants for high and 
medium voltage. More than the half of the 
Italian plants are equipped with equipments 


of SCARPA & MAGNANO make. 





os Particular manufactures are small oil volume 
circuit breakers for the whole voltage range 
from 10 to 220 kV and for breaking capacities 


up to 4000 MVA. 


SCARPA & 
MAGNANO 
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a yrant . 





Power & River Valley 
Equipment will also be on view. 
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INTERNATIONAL 
LEIPZIG TRADE FAIR 


Technical Fair and Sample Fair 


10000 Exhibitors from 40 Countries 
Buyers from 80 Countries 


For details please approach: 
Leipzig Fair Agency in India 


P. O. Box No. 1993, Bombay | 

D-17, Nizamuddin East, New Delhi 13 
34—A, Brabourne Road, Calcutta! 
“Lomond”, 46, Harrington Road, Madras 31 


Suppliers’ Directory service available from: 
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Long length, low, medium and high Goodyear Conveyor Belts, by quick 
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welding, cement grouting and sand mile. 

blasting. 


INDUSTRIAL 
) PRODUCTS 
DEPARTMENT 


GOODFYEAR« 





PSIP 6 














Some Aspects of 


Transformer Maintenance 





Recent estimates show the total kVA figure of oil 
immersed power and distribution transformers install- 
ed in India as being at present about 9.5 million kVA, 
This corresponds in terms of money to an investment 
of about Rs. 350 million—quite an appreciable amount 
and by no means a negligible portion of the national 
wealth. Much more important consideration, how- 
ever, is the essential role played by transformers in 
the supply of electrical energy, as it can be truly said 
that every kilowatt of electricity produced must 
eventually pass at least through two steps of trans- 
formation before reaching the consumer. The direct 
generation of electricity at the utilisation voltage is 
rather exceptional now-a-days and plays an in- 
significant role. Any stoppage of supply of electrical 
energy caused by a failure of a transformer may mean 
a widespread dislocation in a town or a village and toa 
manufacturing establishment considerable loss of 
production which may run into a figure many times 
higher than the actual capital cost of transformer. 
These facts are, of course, well known to the operating 
engineers who have to face the indignation of dissatis- 
fied consumers and take all the blame on themselves 
unless it can be passed on to the condescending trans- 
former manufacturer ‘‘who is always wrong and 
produces equipment of bad design, poor workmanship 
and of inferior materials’. This may, of course, be the 
case in some instances, but cannot be always true. 
Generally speaking, the causes of breakdowns can be 
classified under one or more of the following headings:- 


Faulty design or construction. 
Incorrect installation or use. 
Overload. 

Neglect. 

Wear and tear and other deteriorations. 
Accidents. 


Often, breakdown of transformers can be prevented 
if it is correctly installed and used and properly main- 
tained. 


‘Prevention is better than cure’. This motto should 
be borne in mind by all electrical engineers in charge 
of operation of electrical systems. In addition to the 
right outlook in respect of maintenance problems, the 


By S. SZAFRANSKI 


required knowledge must be possessed by the main- 
tenance personnel as well as adequute facilities 
must be provided to make their task feasible. The 
peculiar conditions prevailing in this country call 
for a greater effort than elsewhere to implement satis- 
factorily the maintenance programme of transformers. 
For one thing the growth of electrical network in the 
past few years was very rapid. Thus, the total number 
of electrified towns and villages increased from 2988 
in 1949 to 8494 in 1956. More recent statistics show a 
further expansion in the rural electrification during the 
current Second Five-Year Plan, namely in the period 
from April 1956 upto the end of July 1958, 5737 more 
villages have been electrified (bringing up the total 
figure to 14,231). 


The number of distribution transformers on record 
in Government network was nearly doubled in 3 years ; 
in 1953 there were 15,509 such transformers installed, 
and in 1956 the number was 30,555, corresponding 
to about 5000 units added annually, have to be 
maintained. In addition to the distribution units, 
there were about 500 large transformers installed 
during the last 3 years, bringing the figure of power 
transformers to about 2000 units in all to -be looked 
after besides the large number of distribution units. 


Thus, it is clear from the foregoing that the burden of 
maintenance of transformers has very considerably 
augmented in the space of the last few years both on 
account of the increase in number of transformer 
(by 100% in 3 years) and the expansion of the area 
served (by nearly 500% as related to 1949). 


The question arises whether there was a correspond- 
ing increase in the numbers of trained personnel 
required to cope with such an increase in responsibili- 
ties to service these transformers together with the 
allied equipment, also whether the facilities provided 
to them, namely transport, instruments, tools, work- 
shops, etc. have kept pace with the growth of electri- 
fication. Statistics in this connection are not readily 
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available but the writer is inclined to a negative 
answer. With the exception of a few well organised 
maintenance centres there is an acute shortage through- 
out the country both of the maintenance staff as well 
as of the rudimentary equipment to carry out various 
maintenance tasks. Complaints from the field engine- 
ers are unanimous in that respect. In most cases, 
paper work connected with the maintenance has been 
introduced in the form of departmental menuals, 
inspection forms, breakdown reports, etc. and the 
situation at the Chief Engineers level may look mis- 
leadingly as reasonably satisfactory. The reality is, 
however, very much different as a field inspection to 
many of pole mounted sub-stations in villages and 
smell towns will readily show. 


As mentioned previously, there ere some more for- 
tunate regions which are an exception. This is some- 
what reflected in the statistics of breakdowns of identi- 
cal distribution transformers. Thus according to 
figures obtained for transformers of one make the total 
transformers damaged in service during 5 years of 
operation amounted to 2.86% on kVA basis for the 
whole of the territory of Indian union, but on the 
regional basis it varied from a small fraction of %to as 
high a figure as 7%, the largest number of breakdowns 
corresponding to the areas where there was no orga- 
nised system of inspection and maintenance. 


To remedy this unsatisfactory state of affairs ener- 
getic steps should be taken. Perhaps, it would be 
worthwhile to consider the following :— 


1. Establish a central school of maintenance run- 
ning, say, a three-monthly course dealing with transfor- 
mers, switchgear, line material, etc. This could be 
organised in co-operation with the manufacturing 
industry. 


2. Prepare and issue without further delay a com- 
prehensive manual for the use of field engineers 
throughout the country. 


3. Establish more regional repair and maintenance 
workshops equipped with all necessary facilities. 


4, Provide sufficient number of maintenance kits to 
all servicing personnel and ensure adequate means of 
transport. 


5, Introduce a rigid system of inspection of mainte- 
nance, 


The expenditure incurred in meeting the above 
objectives will amply repay in ensuring longer life and 
throuble-free service of the expensive equipment. 


Now that the subject is introduced in the proper 
perspective, it is proposed to examine briefly the 
technical aspect of transformer maintenance. First the 
problem of. transformer life will be discussed and 
causes of failures reviewed. Next, some useful hints 
about various maintenance tasks will be given. 


Problem of Life of Transformer 
It is perhaps a natural tendency to look upon a 
Static piece of apparatus as something more durable 


and less vulnerable than a moving machine. The 
windings of electric transformers, although belonging 
to the former category, are yet subjected to much 
more severe dielectric stresses than in the case of many 
rotating machines. These stresses are not only con- 
tinuously applied by the high operating voltage, 
but may also reach an abnormally high magnitude on 
account of external transients, such as switching 
surges or over-voltages of atmospheric origin. 


Transformers are exposed to considerable mechani- 
cal stresses imposed by the electro-magnetic forces 
at the time of a rapid variation of load or during short 
circuit, Such forces may amount to many tons of axial 
pull which may cause the rupture of the winding and 
its insulation. 


Thermal considerations are another factor playing 
& very important part in limiting the useful life of 
transformers once the safe limit of the hot spot tem- 
perature is exceeded. 


* In addition to the above, it is necessary to consider 
the chemical deterioration of insulation exposed to 
the action of transformer oil under certain conditions 
of acidity or ingress of moisture. 


Experience shows that assuming the transformer is 
of adequate design and construction and is installed 
and used properly, its normal life, barring all accidents, 
mey be considered as being generally from 25 to 30 
years. The limiting factor of natural transformer life, 
in common with other electrical apparatus, is the 
aging of insulation. This phencmenon involves both 
chemical and physical changes; the latter being fre- 
quently visible manifestations of the more subtle 
chemical reactions. 


The decline in the quality of insulation during the 
aging process thus limits the life of transformer. The 
factors affecting the degradation of insulation can be 
grouped in two categories : chemical effects and physi- 
cal effects. Under the first, one may outline oxidation, 
depolymerisation (disintegration of molecular chains) 
and hydrolysis (reaction of water with insulating 
material), Physical effects would include’ the 
following: 


(a) Melting due to excessive temperature, (b) Soften- 
ing, (c) Volatilization, (d) Cracking, (e) Decrease of 
tensile strength and (f) Decrease of dielectric strength. 


Many eging test cycles conducted on equivalent 
samples representative of transformer insulation system 
have proved that the process of decay of insulation 
follows the well-known principle of chemical reaction 
rate as expressed in the classical Arrhenious equation, 
the modified form of which is : 


Loge L = Loge A~B/T. 


Where L is the life of insulation to a given end. point. 
A and B — Reaction constants. 
T — Absolute temperature (C —237). 


This formula is perhaps better known as ‘‘Eight 
Degrees Rule’, because, in the case of oil immersed 
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transformers, it can be seen that for every 8 to 10 deg. 
C. of sustained operating temperature in excess of 
normal operating temperature there will be a shorten- 
ing by half of the expected life of transformer. This law 
may also be experessed by the relation : 


L=L,¢ 
Where L is the life of transformer at T deg. C. 
L, is the life of transformer at T, deg. C. 
C = Constant = 0.44 : 
_T-T, 
ae 
In graphical form the above formula is represented 
on Figure 1. 
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Based on this temperature—time relationship guides 
for tansformer loading can be worked out for various 
conditions of overload with or without sacrifice of 
the life expectancy. In followaing any of such recom- 
mendations it is well to remember that it is not safe to 
rely on the theoretical considerations alone in overload- 
ing the transformers, because the unit may have been 
constructed with insulating materials belonging to 
several temperature classes and the simplified assump- 
tions may not apply. There are also many other trans- 
former components such as tapping switch, terminal 
connections etc. in respect of which the overload capa- 
city should be assessed independently. 


The chemical rate theory does not make allowance 
for the increased probability of failure of aged transfor- 
mer insulation which has become more brittle and 
prone to crack when disturbed either by forces due to 

‘sudden application of overload or by some external 
vibrations or by a sudden thermal expansion of con- 
ductors caused by the so-called ‘Thermal Shock”’. 


Having made all the above observations, it is now 
proposed to examine with more detail the various 


causes affecting adversely the life of transformer 
insulation. 


Survey of the Effect of some of the Factors affecting 
the Life of Transformer 


1. Effect of Moisture : 

Transformer oil absorbs readily the moisture from 
the air. The first effect of the water solution in the oil 
is the decrease of the dielectric strength of the latter. 
Even a minute quantity of water diminishes rapidly 
the insulating properties of oil, which can be seen 
from the curve-Figure 2. The adverse effect of water 
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Fig. 2 
Dielectric strength of new oil os 
influenced by water inclusion. 


in solution is magnified with the increase of the acidity 
in oil, the older the oil the more precautions in keeping 
it free of moisture must be taken . 


There is, however, another very important influence. 
of moisture on organic fibrous insulation, such as: 
paper, pressboard, cotton etc. Recent research has: 
shown that the affinity of papers to water is higher than 
that of transformer oil. The mechanism of moisture 
absorption ean ke considered in 3 stages. During the 
first stage, the dry oil absorbs moisture from the air 
upto saturation point. In the next stage, the moisture 
migrates to the insulating materials and is stored there.. 
While this process is taking place, the dielectric 
strength of oil may remain constant and above the 
specified value. of 40 kV: Finally, in the third stage, 
a state of balance isreached between oil and insulation 


- and both of them continue to be charged with water. 


These stages have been described with more details in 
Appendix I. 


The presence of moisture diminishes very rapidly the 
dielectric strength of insulating papers — only 8% of 
water by weight drops the puncture strength of papers 
by half. This relationship is indicated on Figure 3, A 
more detailed examination of this phenomenon shows 
that the water molecules replace the oil molecules in tha 
impregnated papers. The usual tests on transformer 
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oil may fail to detect the presenceof moisture stored 
in the paper, yet the insulation strength of transformer 
has decreased and it may fail at the earliest opportunity 
of an overvoltage surge. The fact of higher affinity 
to water of papers over oil makes also the drying out 
of transformers a rather difficult task. 


All possible preventive steps should, therefore, be 
taken to guard against moisture penetration to the 
inside of transformers. This will include blocking 
of all openings for free access of air in storage and 
frequent reactivation of breathers in service. 


While on the subject, attention should be drawn to 
the dangers of absorption of moisture by transformers 
exposed to variations of temperature such as likely to 
occur when stored in the open air, as it is not possible 
to ensure a complete hermetic sealing of transformer 
tanks by means of gaskets due to variation of day and 
night temperatures. In the case of transformers kept 
under open skies, the entry of humid air at night will 
take place due to contraction of the oil at a lower 
temperature. The moisture will be readily absorbed by 
the oil and then transferred and stored in the insula- 
tion. During the day a portion of the dry air will 
be expelled from the transformer tank, as the oil 
expands under the effect of heat. This pumping 
cycle recurs every 24 hours. 


2. Effect of Oxygen : 


Oxygen may be present inside the transformer due 
to air remaining in solution in the oil or air pockets 


trapped in the windings and insulating structure or in 
certain substances such as varnishes etc. and finally, 
by absorption through contact with the ambient air 
from which a continous migration of oxygen atoms 
takes place. The oxygen reacts with all cellulosic mate- 
rials of which the transformer insulation is composed 
and produces its gradual deterioration. Insulation 
looses progressively elasticity tensile 2nd compressive 
strength, and may crack easily when exposed to srain 
imposed by electro-magnetic forces. In addition, there 
is a secondary chemical action of de-composition of 
materials of cellulose which leads to formation of 
organic acids, soluble in oil. Other products such as 
soap, etc. are insoluble and form sludge on the windings, 
blocking the free oil circulation. This adverse effect 
of oxygen increases rapidly the opereting tempeature 
and may eggravate by catalytic action between hot 
oil and bare copper. 


3 Effect of Solid Impurities: 

It is perhaps often overlooked that even minute 
inclusion of solid particles in the oil diminishes its 
dielectric strength in an appreciable degree when 
present in relatively small quantities. This fact isillus- 
trated on curve Figure 4, showing the decrease of break- 
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down strength of transformer oil containing water and 
cotton fibre. Most of the new transformers, however 
carefully processed, may contain particles of insulating 
material and other solid impurities such as metal parti- 
cles from the tank, dust, etc. Initially, such impurities 
are probably deposited in various places, but under the 
effect of oil circulation in service they get dissipated in 
the body of oil. Here one may stress that, contrary to 
common belief, solid metal particles, although conduc- 
tive, are less dangerous than lighter particles of insulat- 
ing materials which remain readily in suspense in the 
oil. On the other hand, metal, sand, etc. eventually 
settledowninthetankand donotcontaminate theoil 
permanently. For this reason, it is very advisable to 
filter the oil of a new transformer after it has been in 
service for a short time especially in the case of units of 
higher voltage class. 
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4 Effect of Certain Varnishes : 

In many cases varnish impregnation may do more 
harmthan good if unsuitable varnish is used. Varnishes 
of oxidizing type must be avoided because they enter 
readily in reaction with transformer oil and precipitate 
sludge on the windings, which very often has the ap- 
pearance of solid blobs oozing out of coils. Synthetic 
varnishes of polymerising type when properly process- 
ed possess on the other hand, acid inhibiting properties 
and generally delay the natural formation of acid 
and sludge in the oil. This is, of course, a factor which 
is out of the control of the user, as the windings are 
varnish impregnated at the time of manufacture. 
Nevertheless, this fact must be borne in mind at the 
time of repairs at own reconditioning workshop, should 
the need arise of winding and replacing of some coils. 


5 Mechanical Clamping of Windings : 

Modern transformers have their windings together 
with the peitaining insulation pre-shrunk by a carefully 
conducted process of drying. Many designs also possess 
addition?1 means for taking up any shrinking of coils 
by tie-rods and pressure screws. Nevertheless, the 
natural settling of coil stacks may take place in servive, 
especially when the transformer has trapped moisture, 
as the latter has an effect in softening of cellulosic 
insule tion. 


Slackness «f windings may be a cause of failure 
because, under load variations or momentary short 
circuit, the coils get displaced, which, in turn,may cause 
increase in the electro-magnetic imbalance and produce 
even greater displacement. Moreover, the repeated 
movement of coils may wear the conductor insulation 
in some places and lead to an interturn failure. The 
settling-down process of oil filled transformer takes 
place usually during the first few months of operation. 
There is something to be said for rising the core and 
windings of a new transformer for internal examination 
after it has been in use about six months with the view 
to taking up any slackness which may have developed. 


In the foregoing some of the more important natural 
causes of shortening of transformer life have been 
examined. It can ke said that the most important 
consideration is a proper care of solid and liquid insula- 
tion to ensure the required degree of reliability of 
transformer. All this presupposes that the transfor- 
mer is adequately protected against over-loads and 
over-voltages and is properly ventilated. The matters 
pertaining to these two very important subjects, 
namely insulation and protection, are out of the scope 
of this paper, but they should receive not a lesser consi- 
deration to ensure a trouble-free service. In the next 
section some elementary hints about transformer 
maintenance tasks will be indicated. 


Some Elementary Recommendations in respect 
of Transformer Maintenance 


1. Manufacturer's Instructions : 

Most of the transformer manufactures of repute 
supply erection and maintenance instructions, A 
question arises whether these are properly studied 
and implemented. More often than not such instruc- 
tions get into the wrong hands and do not find their 


way to the personnel directly responsible for mainte- 
nance. Another attitude is that of a chief who thinks 
that his department is very well organised and that all 
the answers have been given in departmental main- 
tenance instructions, more often than not based on 
other specifications which do not pertain at all to the 
case under consideration. The first rule of maintenance 
is thus: “‘Read all Manufactures’ Instructions properly 
and Apply them” 


2. Inspection on Arrival and Storage: 

Although suitable precautions are taken on despatch 
of transformers to pack them securely, accidents 
arising in transit cannot be excluded. Itis, therefore, 
most essential to inspect internally the core and the 
windings as well as the main connections and terminals. 
Should the preliminary inspection be satisfactory, it 
is recommended to energise the transformer and take 
the readings of idle currents to see if they are symme- 
trical and within expected limits. 


Should it be necessary to store the transformer, this 
must be done under cover with the conservator in 
position, preferably almost completely filled with oil 
to reduce the effect of condensation. The breathing 
pipe can be plugged in most cases, because day and 
night temperature variations of a unit kept indoors 
will not generate the pressures dangerous to the tank. 
In oil filling operation, one must ensure that there are 
no air pockets left in the tank. Therefore, the air vents 
provided for the purpose should bereleased tillall the 
air trapped internally is evacuated. 


3. Precautions before Commissioning : 

Originally tightened gaskets may have to be re- 
tightened due to natural settling after remaining under 
compression for sometime. The tightening of bolts 
and clamping the gaskets may seem a simple operation 
but it must be borne in mind that too much pressure 
will disrupt the jointing material. Furthermore, 
unevenly compressed gaskets may spring a leak. It is 
usually recommended that the torque applied should 
— 30 to 50 Ibs. ft. depending on the size of the 

olts. 


Checking for presence of moisture in oil is desirable, 
but may not be conclusive. Anyway, after draining 
some oil from the tank, samples can be taken and 
examined for dielectric strength and crackle test. 
Should it be satisfctory, it may be assumed that the 
oil is not in a saturated condition and moisiure is 
stored only in the insulation. Drying out by hot oil 
circulation through a suitable filter may suffice in such 
case, 


If the oil contains moisture this will be indicative that 
considerable amount of water is also stored in the 
insulation. Drying out by short circuit method combi- 
ned with oil filtration would be necessary or better still 
separate drying of core and windings in oven by air 
circulation and of oil by filtration. 


Not all oil filters are suitable for quick and thorough 
removal of water inclusions in the oil. For instance, 
ordinary blotting press is generally inadequate for this 
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purpose because the filter papers will get saturated 
rapidly and will soon fail to absorb more moisture. 
Probably, the best filter would consist of a combination 
of a mechanical filter, such as centrifuge, candle, edge 
paper etc. and a vacuum chamber. Moreover, to 
ensure good separation of water and oil, the latter 
must be brought to a temperature of about 80/90 deg. 
C.by means of indirect heaters such as steam coils. 
Direct heaters may burn the oil in contact and destroy 
its properties. For this reason, boiling of oil on fire, 
as it is done sometimes under field conditions, should 
be most strongly discouraged. 


Field engineers are often in difficulties to detect 
the presence of moisture in transformers and are 
puzzled by an erratic behaviourof insulation resistance 
of transformers. This difficulty is increased by the 
absence of any clear indiction as to what should be the 
actual value in megohms of the insulation resistance, 
because most specifications are silent on this issue. It 
is not possible to discuss fully in this paper the mean- 
ing of ‘Insulation Resistance’ of oil immersed trans- 
formers, but some general observations may be of use. 
The reading of insultion resistance as measured byD.C. 
application depends on the voltage produced by the 
instrument, temperature of the windings, moisture 
content and the time of application. When properly 
interpreted this test may give a useful indication of 
the presence of moisture. 


The transformer should first be brought as near as 
possible to its normal operating temperature by short 
circuit heat run with cooler valves shut off or lagged 
externally to conserve the heat. Then the insulation 
resistance should be taken by application of megger 
and two readings taken, one after an interval of 20 
seconds and the other after 2 minutes. The ratio of 
second reading to first reading is called ‘‘polarisation 
index’’. For wet transformers, this index is near or 
even below unity, but for dry condition it should have 
a value from 1.5 to 2. 


What should be the minimum safe value of insula- 
tion resistance ? This cannot very well be answered 
because much depends on the construction of the trans- 
former. For instance, over-insulated windings may 
give comparatively low readings because of the higher 
current component flowing within the volume of the 
insulation. However, values above 100 -megohms 
should be generally satisfactory in all cases. Some 
maintenance manuals recommend that the insulation 
resistance should not be less than 5 megohms per kilo 
volt of rated voltage with a minimum of 20 megohms 
for low tension winding and 50 megohms for high ten- 
sion winding, but, perhaps, these figures are on the 
high side. 


Another method of deciding the presence of moisture 
in the insulation is to take readings at two different 
voltages, say at 100 volts and 1000 volts. This is made 
possible by special construction of some meggers. 
At higher applied voltage the insulation resistance will 
somewhat decrease, but marked variations of readings 
for different values of voltage usually are due to the 
effects of moisture or dirt, 


Independently of megger tests, a sample of oil 
should be tested for moisture useing the well-known 
“Crackle’’ method. 


After having satisfied that the unit is mechanically 
sound, free of all defects and filled completely with 
oil in dry condition, it can be connected and energised. 


4. Subsequent Maintenance in Service : 

Oil: Uptoa period of say 5 years of service the most 
important maintenance tasks are the care of oil and 
keeping of cleanliness. The mineral oils do not main- 
tein their properties when put into service and the 
deterioration starts from the moment when the oil is 
poured into the tank, irrespective of whether the 
transformer is in storage or in service. It appears 
that the main criterion of suitability or otherwise of 
the insulating oil is the acidity content. The process 
of formation of zcid in the transformer in the early 


‘stages hes the characteristics of autocatalysis. The 


rate of increase of acidity can be expressed by the 
formula : 
dA 
~~ 
Where A — Acidity neutialization figure in 
mg. KOH per gram. 
K — Constant = 0.858 
C — Constant = 1.86 
y — Time in years. 


This has been shown in graphical form on Figure 5. 
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RATE OF INCREASE OF ACIDITY IN TRANSFORMERS 














It can be seen that there is a rapid increase in the 
rate of acidity during the first 4 years, and thereafter 
this rate becomes independent of time. 


Most specifications consider that the condition of 
oil is satisfactory as long as the acidity is below. 0.5 
‘(neutralisation value), but beyond this figure_it can 
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be somewhat rednced by filtration. When a figure of 
lis reached, the useful life of oil is likely to be of short 
duration. 


Generally, in India, due to climatic conditions, such 
as moisture, fine dust, etc., the life of oil in distribu- 
tion transformers seldom exceeds from 6 to 8 years. 


Certain measures can be taken to delay the forma- 
tion of acid. These include filtration at frequent 
intervals to remove solid impurities and moisture, 
precautions to avoid overheating the transformers, 
frequent cleaning of conservator tanks, occassional 
draining off oil from the tanks and topping up with 
fresh filtered oil. 


Some users abroad found as a good practice to 
place inside the tank cotton bags filled with activated 
alumina. Due to naturel thermal circulation most of 
the oil sooner or later will come in contact with the 
alumina which is an absorbant medium for acids. It 
would be interesting to give this method a trial. 


Another very effective measure to delay the forma- 
tion of acids is to seal the inside of the tank from the 
access of oxygen and moisture. Completely sealed 
tanks without means of expansion have a drawback 
of building up internal pressure under which solution 
of gases in the oil may take place. Even small quanti- 
ties of gases will diminish appreciably the dielectric 
strength of insulating oil which may produce an 
internal flash-over. A much better arrangement is to 
equip the tenk with an expandable container made of 
synthetic rubber or some other plastic material and 
house it in a protective metal enclosure. In such 
transformers the air should be first completely replac- 
ed by some neutral gas such as nitrogen. A very satis- 
factory record of service of transformers of this 
type has been obtained. in U.S. A. and France. It is 
strongly recommended that this construction be 
adopted in India for large sub-station transformers. 
This seems to be a complete remedy against ingress of 
moisture and contamination of oil by oxidisation. 


Finally, on the subject of oil, it should be stressed 
that its use in transformers is of a nature of ‘‘necessary 
evil’. The action of oil on insulation has a deleterious 
effect and does not help its preservation. Thus, trans- 
formers which are required to be kept in storage for 
long periods should preferably be drained of oil and 
their tanks filled with dry nitrogen under a slight over- 
pressure. It is also harmful to keep the spare windings 
in oil filled containers—a practice continuously insisted 
upon by some Electricity Departmentsin this country. 
It is well to remember, as already mentioned in the 
foregoing, that the deterioration of mineral oil and 
cellulose insulation begins with the very instant when 
both of these substances are brought into contact. 


5. External & Internal Corrosion: 

Thereis no satisfactory paint invented so far which 
would give a full protection of transformer tanks against 
weather vagaries in this country. The re-painting of 
transformers in service becomes, therefore, a necessity 
after two or threemonsoons. A very important precau- 
tion is to re-touch the coat of paint after installation at 
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site, as it may be damaged in many places in transit 
and during erection. Once the base metal is exposed 
to the action of elements, the breakdown of paint will 
quickly spread in the surrounding surface due to 
penetration of moisture under the film. Re-touching 
should be done after rubbing the affected spots with 
sand paper to remove the rust deposited. Then, apply 
undercost or primer and finally the finishing enamel. 


When repainting becomes necessary it is well to 
remember that in painting the most important task 
is the preparation of the surface which should be 
thoroughly cleaned and washed from any oil marks. 


Internal corrosion casually appears on these parts 
of tank or conservator that are exposed to the action 
of cil vapours. If neglected, rusty flakes many peel off 
and settle on conne¢tions or tapping switch, leading 
eventually to internal breakdown by flashover. For 
this reason, in at least every 3 years or so,the conserva- 
tor and tank cover should be examined for corrosion 
and thoroughly cleaned and painted internally with 
acid resisting paint. 


6. Internal Inspection : 

Periodical detailed internal examination of core 
and windings is strongly recommended at suitable 
intervals of time, say every 5 years, except the first 
check which would be done soon after commissioning 
as commented previously. 


After cleaning any sludge deposits, the slackness of 
insulation must be taken up by the devices provided 
for the purpose such as pressure screws, tie rods, etc. 
The intercoil connections and tapping switch leads 
must also be given careful attention. Sometimes, the 
soldering of connections deteriorates with the course 


of time if not done properly in the first place. This 


may be due to the use of unsuitable soldering material, 
inclusion of impurities or cracks produced by thermal 
stresses. Such inspection of soldered or brazed places 
is facilitated if they are not covered by any tape or 
other insulations, a practice wrongly referred to by 
some users as an attempt to save on production cost of 
transformers. % 


All bolts and nuts pertaining to the core structure 
should be checked and tightened where needed. Before 
taking, clean the windings and frame parts with a 
pressure jet of hot transformer oil and take care to 
wash all internal cooling channels. 


With the progress of years the insulation becomes 
brittle and prone to crack and, therefore, excessive 


clamping pressures on windings should be avoided. 


The use uf any hard tools for removal of sludge from 


.the windings must be prohibited at all times. 


Conclusion 


An attempt has been made in this paper to review 


‘some natural causes contributing to shortening of the 
.useful life of transformers and certain salient points of 


maintenance have been indicated. ° 
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To carry out any maintenance programme it is 
necessary first to obtain the necessary knowledge, then 
to train the personnel, provide them with necessary 
tools and facilities, procure the required stores, set up 
a main workshop or a chain of workshops and lastly 
to draw up the schedule of maintenance tasks together 
with a system of records. More often than not, only 
the latter two points are implemented. Consequently, 
the maintenance exists only on paper. Under the 
generally difficult operating conditions in this country, 
the maintenance should call for an extra effort to 
ensure, if not the full expected life of transformers, at 
least a major portion thereof. 


AppENDIx I. 


Mechanism of Moisture Absorption in 
Transformers 

It is well known that all solid insulating materials, 
and especially paper and cotton, used extensively in 
transformer construction are strongly hygroscopic and 
absorb readily moisture from the air. This has an 
adverse effect on the dielectric properties which 
decrease rapidly with the absorption of moisture. 
One of the purposes in using oil in transformers is to 
separate the solid insulation from the direct contact 
with the ambient air, and thus prevent the ingress of 
moisture. This is never entirely successful on account 
of a greater affinity to moisture of solid insulation as 
related to transformer oil. When paper is placed in oil 
containing moisture or if oil streem is forced through 
dry paper, the water becomes fixed on the latter 
and the oil dries out. This is a well known principle 
which was for many years applied inthe oil filter presses 
used for dehydration of oils. In the similar manner as 
in a “‘blotting press” type filter, the non-impregnated 
papers and pressboards constituting the solid insulation 
of transformer windings act on the oil in removing and 
storing the moisture. 


It is true that the insulating papers are somewhat a 
little less moisture absorbant than the blotting varie- 
ty, but this difference is not very great. In drawing 
comparison with the oil filter one may say that the 
papers in a transformer are exposed to contact with 
the oil, but the latter is not forced through them as it is 
done in a filter press. Nevertheless, the absorption of 
moisture will proceed but drying out process of oil 
will naturally take much longer time than in the case 
of a filter where paper elements are mounted in series. 


The important question to consider is : ‘“What is 
happening in the case of a new transformer well dried 
out and filled with oil at the manufacture’:s works, 
but submitted in subsequent service to the occasional 
entries of humidity ?’’ This can be foreseen applying 
the above discussed physical behaviour of paper and 
oil and is also confirmed by actual research. The whole 
process of moisture absorption by the oil immersed 
transformer can be conveniently divided in 3 periods 
of time. 


First Period: Small quantities of moisture penetra- 
ting into the tank enter into intimate mixture with the 
body of oil. Since the latter is initially in a dry condi- 
tion the water remains in solution. At this stage of 
moisture concentration, the affinity of oil to water may 
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be said to be stronger than the capillary action of paper 
fibres and, therefore, the water is retained in the oil. 
As even minute quantities of water are harmful, there 
willbe a gradual drop of dielectric strength of oil 
during this period (See Figure 6). 
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Fig. 6 


Deterioration of dielectric strength 
of o/ and fapfer ina new transformer, 


Second Period : With the progress of time the mois- 
ture concentration in oilincreases and a point isreached 
when the paper insulation begins to draw water from 
oil. Inthis manner the paper gets gradually saturated 
with water. Any additions to the moisture content of 
oil are taken up by paper fibres which possess a greater 
affinity to water than oil above certain level of con- 
centration. The oil acts in this way as a vehicle for 
transmission of moisture from the air to the insulating 
materials. During this period there are no measurable 
changes in the dielectric strength of oil which remains 
constant for all practical purposes, but a continnous 
migration of water from the ambient air to the solid 
insulation of transformer is taking place. Consequently, 
the dielectric strength and the insulating properties 
of papers and pressboards deteriorate without any 
visible signs of the fact. 


Third Period: After some time, the moisture con- 
centration in paper reaches a degree of saturation 
corresponding to a state of balance. Any further addi- 
tion of water to the transformer will be shared by the 
insulation and the oil. Consequently, the water content 
of oil increases and its dielectric strength drops rapidly. 
In this manner, the oil deteriorates visibly, but, what 
is no less grave, the solid insulation also loses its 
dielectric properties. The transformer insulation level 
becomes reduced to a dangerous point and breakdown 
in service may occur. 


The above described mechanism of moisture absorp- 
tion in a transformer is represented in a graphical form 
on Fig. 6, where curves of dielectric strength of oil 
and papers have been shown in relation to time 


(Based on a lecture delivered before the Institution of 
Engineers (India) Bombay centre.) 

















Sacramento River Flood Control Project 





The Sacramento River Flood Control Project is 
located in northern California along Sacramento River 
and the lower reaches of its principal tributaries. It 
comprises an inter-related system of levees, overflow 
weirs, flood bypass channels, drainage pumping plants, 
and bank protection works, together with channel clear- 
ing, channel rectification, and periodic snagging. The 
project extends from the mouth of the river to a point 
184 river miles upstream. The completed project will 
include 980 miles of levees, 5 bypass weirs and 4 by- 
passes, 3 drainage pumping plants, bank protection, 
and large amounts of channel dredging. The project 
is unusual as regards its system of bypasses which 
provide for controlled transfer of floodwaters from the 
main river channel to leveed overflow channels. Other 


By F. KOCHIS 


flood-control works on the main river and along its 
major and minor tributaries, as well as flood storage 
space in reservoirs in foothill areas, are existing, 
under construction, or proposed to supplement the 
protection afforded by the Sacramento River Flood 
Control Project. 


As early as 1910, local interests began construction 
of floodcontrol works now reconstructed or otherwise 
improved so as to be incorporated in the present 
project. Construction of project features by the Fede- 


Typical levee construction showing bank paving in the area subject to severe erosion at a bend 
in the Sacramento River 
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Aerial view showing completed levee construction 
and bank protection on the Sacramento River 


ral Government was started in 1917. As of 1 April 
1958, the project was estimated to be 74 percent com- 

lete. Although construction is continuing, the date 
of final completion is indefinite. 


Many years of study and planning have gone into 
the development of this project. As presently conceiv- 
ed, it incorporates the views of many Federal, State, 
and local agencies. Construction of project works is 
the responsibility of the Corps of Engineers. However, 
local interests, represented by the State of California, 
are required to provide all lands, easements, and rights- 
of-way necessary for construction of project works; 
bear the expense of necessary highway, railroad, and 
bridge alterations; and pay for relocation of power, 
telephone, and gas lines. In addition, local interests 
must absolve the United States from any damages 
arising from construction of project works and must 
maintain and operate completed project works in accor- 
dance with regulations prescribed by the Secretary 
of the Army. The estimated cost of the project, based 
on the price level prevailing in July, is $184,600,000. 


As noted above, a substantial part of the project has 
been completed. The completed portions are providing 
the flood protection for which they were designed. 
The entire project when completed will provide a 
high degree of flood protection to about 800,000 acres 


Aerial view of the Sacramento River in the foreground 
with excess flood being diverted thru the Sacramento 
Weir into the Youlo Bypass 





of highly productive agricultural lands; to the cities 
of Sacramento, North Sacramento, Marysville, Yuba 
City, Colusa, and numerous smaller communities; to 
two transcontinental railroads and one transcontinental 
highway; and to state and country highways and roads. 
Population in the floodplain area is currently estimat- 
ed at somewhat over 600,000 people. In addition to 
providing theabove-described protection, the completed 
project will make possible the reclamation and 
development of lands formerly inswamp or otherwise 
unsuitable for cultivation. 


Project Flood and Freeboard 











Project Min. 
Flood in c.f.s. Freeboard 
Project Reach in feet 
Sacramento River: 
Sidds Landing to Moul- 
ton Weir 160,000 3 
Moulton Weir to Colusa 
Weir 110,000 3 
Colusa Weir to Tisdale 
Weir 48,000 3 
Tisdale Weir to Fremont 
Weir 30,000 3 
Fremont Weir to Sacra- 
mento Weir 107,000 3 
Sacramento Weir to 
Courtland 110.000 3 
Courtland to Walnut 
Grove 56,500 3 
Walnut Grove to Cache 
Slough 35,900 3 
Cache Slough to Rio 
Vista 579,000 5 
Rio Vista to Collinsville 514,000 5 
Sutter Bypass: 
Above Tisdale Bypass 155,000 5 
Below Tisdale Bypass 180,000 5 
Moulton Weir: 60,000 . 
Colusa Weir: 60,000 - 
Tisdale Bypass 26,000 5 
Sacramento Bypass 112,000 6 
Youlo Bypass: 
Fremont Weir to Sacra- 
mento Weir 343,000 6 
Sacramento Weir to 
Putah Greek, 480,000 6 
Putah Greek to Sacra- 
mento River 500,000 6 
Feather River: 
Hamilton Bend to Hon- 
cut Creek 210,000 3 
Honcut Creek to Yuba 
River 210,000 3 
Yuba River to Sutter 
Bypass 300,000 3 
Yuba River 120,000 3 
Bear River 40,000 3 
Cache Creek 30,000 3 
Willow Slough 9,000 3 
American River 180,000 3 
Putah Creek 62,000 3 
Georgiana Slough 20,600 3 
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Levee and Bank Protection Section of the Sacramento Project. 


Continued from page 8} 
Jaldhaka Project 


dustrial development in the region. The availability 
of cheap electrical power will provide a sure incentive 
to steadier investment and ensurea greater mobility of 
labour and material thus breaking down in the process 
of industrialisation, the existing barrier between nor- 
thern region of the State with the rest. With the 
insularity of northern region broken and a process of 
industrialisation being set in the tempo of progress will 
increase by snowball process. The materialisation of 
the Ganga barrage scheme at Farakka will further 
intensify the mobility of labour and capital between the 
regions of the State and this in turn will offer scope 
for exploitation of water resources of North Bengal 
which is estimated at more than a million kilo-watt 
and it will not be too optimistic to expect that in near 
future the industrial area of South Bengal will get 
large blocks of electricity from hydel stations in 
North Bengal. The Jaldhaka Project will make the 
start by providing the driving force and herein lies 
its distinction. 


Continued from page 26] 
Irrigation and Power : Appraisal and Prospects 


equipment, benefits from a number of schemes are not 
likely to materialise before the end of the Plan. Accor- 
ding to present anticipations, the actual realisation of 
benefits within the Plan period from projects in the 
public sector may be about 2.5 million kW. Private 
electricity undertakings will, it isexpected,adda total 
generating capacity of 175,000 kW. With the addition 
of 300,000 kW of generating capacity in industrial 
establishments, which provide for their own power, 
the total installed capacity during the Second Plan 
period is expected to be nearly 3 million kW as 
against the original target of 3.5 million kW. 


Satisfactory progress is being achieved in the con- 
struction of transmission and distribution lines inclu- 
ded inthe Plan. Out of a total target of 30,000 miles, 
10,000 miles have already been constructed during 
1956-57 and 1957-58. The Second Five Year Plan envi- 
saged the electrification of about 10,000 villages and 
provided for a total outlay of Rs. 75 crores for this 
purpose. During the first two years of the Plan, 4500 
villages have been electified. 




















All India Symposium on 


Power Development in India: A Report 





The readers of this Journal might be already aware 
that we had organised a symposium on ‘‘Water and 
Power Resources of West Bengal” under the auspices 
of the Indian Science Congress two years ago in Cal- 
cutta. This year an all India Symposium was spon- 
sored jointly by the Engineering and Metallurgy 
Section of the Indian Science Congress and ourselves 
on a larger canvas, namely, on the subject of “Power 
Development in India”’. On the basis of our previous 
experience, we decided to publish all the papers at 
the time of the symposium so that the participants 
could have the opportunity of going through the 
papers and thus are enabled to participate in the dicus- 
sion more fruitfully. The last issue of this Journal was 
a special number containing these papers. As it will 
be noticed, quite a large number of papers were con- 
tributed by some of our leeding engineers and experts 
in the country. 


The symposium was held in the Convocation Hall 
of the Delhi University under the Chairmanship of 
Dr. Monoranjan Datta, Chief Engineer of the West 
Bengal State Electricity Board, who was the Sectional 
President of the Indian Science Congress, Engineering 
and Metallurgy Section. As was announced earlier, 
Hafiz Mohammad Ibrahim was kind enough to spare 
from his busy time to inaugurate the discussion. His 
a(ldress was published in the previous issue. Although 
we were unfortunate in not being able to have amongst 
us Prof. M. 8. Thacker, Director General, Scientific 
and Industrial Research, due to his previous engage- 
ments, we were extremely happy that quite a large 
number of senior scientists and engineers attended 
and took keen interest in the discussion. Dr. K. L. 
Rao, President of the Institution of Engineers (I) and 
Member of the Centre] Water & Power Commission, 
was requested to be the Chief Guest on the occasion. 
He delivered @ very inspiring address which is given 
below. Dr. A. N. Khosla, Vice-Chancellor of the Roor- 
kee University also attended and he was specially 
requested by the Chairman to address the gathering. 


In the following pages we give below summaries 
of some of the speeches on the occasion. We hope to 
include others later on. 


One of the highlights of the symposium wes the 
speech delivered by Dr. Allibone, an eminent authority 
on Nuclear Power in Great Britain. A short summary 
of his speech is given here. We hope to give a full 
version of his lecture on 2 subsequent occasion. 


Amongst the pepers that provoked a good deal of 
discussion was one by Dr. A. Lahiri, Director, Centre| 
Fuel Research Institute, Dr. Lahiri introduced his 
paper by a short speech illustrated with slides. 


The Symposium was2 great success as it focussed the 
need to accelerate power development in the country 
to new heights. It was elso generally agreed that unless 
the electrice] manufacturing industry, producing not 
only transformers and switchgears but also generators, 
is established it is not possible to generate electricity 
on a large enough scale and at a fast rate. It wes 
suggested that production of generators with a total 
capacity of one million kW should be aimed at. 


Dr. K.L. Rao thanked Dr. M. Datta and this Journal 
for taking the initiative in arranging the Symposium 
and publishing the thoughtful papers, and thereby 
greatly highlighting the important issue before the 
country. 


Dr. Datta’s welcome Address : 

On behalf of the Indian Science Association, 
Engineering & Metallurgy Section, on behalf of the 
Indian Journal of Power & River Valley Develop- 
ment and on behalf of my own humble self, I heartily 
welcome you all here this afternoon. We feel 
honoured by your preserce here. The kind and 
encouraging presence of the honoured and. distin- 
guished guests, specially the august presence of our 
Hon'ble Minister-in-Charge of Power and. Irrigation, 
who is always a source of inspiration to us, I am 
emboldened to say, will be cherished as a unique 
event in the annals of the Indien Science Congress 
Association. 


As youare aware, Prof. Mr. 8. Thacker wasto be our 
Chief Guest on this occasion. He, however, informed 
me with profound regret that he will not be able to 
come 2s he is held up on 2.ccount ofan important and 
unavoidable official work. This is a matter of regret 
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to me and I believe all of us here would have the same 
feeling. We are, however, highly graced by the presence 
of Dr. K. L. Rao, Member (D & R), C. W. & P. C., 
whom I propose to be our Chief Guest in this function. 
He is too well-known a figure in India as well as abroad 
in the engineering circles and is a great source of 
inspiration to scientists and engineers of our genera- 
tion. He is the President of the Institution of 
Engineers (India). 


This symposium has been organised with a view to 
bringing together our eminent men of science end 
engineering, to foster closer contact amongst them 
and to offer opportunities for interchange of ideas. 


Since Independence, India has embarked on a plan- 
ned development programme of her national resources 
with a view to increasing the pace of economic develop- 
ment and raising the standard of living of the people, 
thereby reducing the social inequality and establishing 
a socialistic pattern of society. 


The First Five Year Plan, as you ell know, was based 

chiefly on the continuation of some major projects such 
as theriver valley schemes. The data and information 
necessary for appropriate planning were not aveilable 
then and the plan was modest inits scope. More infor- 
mationand statistical data are now available for the 
purpose of the Second Plan. It has been planned on a 
larger scale than the First and in fact a doubling of 
investment has been visualised. The race of the 
Second Five Year Plan has run more than helf its 
course and the outline of the Third Plen—more ambi- 
tious than ever—is looming large on the horizen. The 
time is, therefore, ripe for an eppraisal of the efforts 
made, resources harnessed and the targets already 
reached under the Second Plan, so as to prepare the 
ground for its successor, 


The greatest problem of India today is to find more 
power for rapid industrialisation and for improved 
method of agriculture for growing more food, It is, 
therefore, felt appropriate that a symposium of this 
nature on an occasion like this will discuss the question 
of power development which can alone contribute tu 
our national prosperity. 


You must have given your time and thought to this 
problem of power development in our country and by 
your discussion you would certainly help our National 
Planners to bring about uniform prosperity for all. 


Before I conclude, you will please allow me to pay 
my respectful tribute to the memories of Sir Jehangir 
Tata. The institution founded by him namely Indian 
Institute of Science at Bangalore has completed its 
fifty year of existence and the great occasion is being 
fittingly celebrated by the authorities of the Institute 
of Bangalore on the 2nd February ’59. It is significant 
that many of our engineers now entrusted with the 
great task of working for the rapid development of 


power in India are alumni of that great Institution. 
Sir Jehangir Tata, Sir Rash Behari Ghosh, Sir T.N. 
Palit are the great benefactors of science and engineer- 
ing and their donations have borne fruits today. Had 
these princes of benefactors been living to-day, they 
might have felt a little glorified to find that the alumni 
of the Institutions founded by them are working for 
the development of the country at large. 


Hafiz Mohammad Ibrahim then delivered his 
Inaugural Address (already published in the previous 
issue.) 


Dr. K. L. Rao, Chief Guest : 


Dr. K. L. Rao then addressed the gathering 
as follow : 


We are very sorry for not being able to heer Prof. 
Thacker and now you are going to be inflicted by a 
speech from a Civil Engineer in his absence, and that 
also at a moments notice. Nevertheless I am inspired 
by the address of our Honourable Minister. 


The world’s annual production of power is in the 
order of #bout 1600 billion kWh and India is produc- 
ing, not 160 billion and not even 16 billion kWh but 
only LL billion kWh. 11 out of 1600 units that the 
world is producing today. That shows where we are, 
Practically we are not in the picture. 


What is happening in some of the leading countries ? 
America for example is building 3 big dems, one of 
them on Missouri River itself. Each of these are of 
the size of 4timesthan Bhakra Dam in terms of the 
acre feet of water to be impounded. These are also 
to produce power. They are constructing 400-500 feet 
high dams, the highest earthen dams in the world just 
for producing power from the tiny river of Trinity in 
California. Thus America is constructing dams afer 
dams and they are working with great rapidity, 
three shifts a day. All this because they have realized 
the value of power production. 


The seme thing is happening in China who are invol- 
ved in construction of a dam across Yellow River of 
the size 7 times of Bhakra (54 million acre feet) to 
produce a tremendous amount of power. Egypt is 
going 2head with the construction of a high Aswan 
Dam. The same thing is true of the Belgain Congo. 
And in Russie, they have already constructed 2 stations 
at Volga, each of 2 million kW installed capacity. 
I have also read that in Siberia they are going ahead 
with stations of 3 million kW and 5 million kW power 
capacities. 


Thus we find that all over the world big dams are 
being made to produce more and more power and this 
should teach us the same lesson. 


[Z'o be continued in March issue 

















Irrigation and Power: Appraisal and Prospects 








Under the Second Five Year Plan, irrigation and 
power development accounts for 19 per cent of the totl 
outlay and for 36 per cent of the outlay in the States. 
The total outlay likely to be incurred in this sector by 
the end of 1958-59 amounts to Rs. 479 crores of which 
multi-purpose and irrigation schemes account for 
Rs. 257 crores, power projects for Rs. 193 crores and 
other schemes for Rs. 29 crores. The outlay during 
1956-57 was Rs. 150 crores; the anticipated actual 
for 1957-58 amount to Rs. 169 crores; and the Plan 
provision for 1958-59 is Rs. 160 crores. 


Irrigation 

At the end of the First Plan, against a target of 8.5 
million acres, the irrigaticn potential amounting to 
about 6.3 million acres had been created. The actual 
area irrigated was, however, only alittle over 4 million 
acres. From the point of view of the fulfilment of irriga- 
tion programmes under the Second Plan, two problems 
arose. The first was that the irrigation schemes carried 
over from the First Plan were found to require for 
their completion, larger sums than had been estimated. 
As schemes in progress were bound to receive higher 
priority, the irrigation benefits anticipated under the 
Second Plan from new schemes were likely to be defer- 
red to some extent. The second problem concerned 
measures needed for the utilisation of irrigation facili- 
ties as they became available. The Second Plan itself 
had drawn pointed attention to this subject as will be 
seen from the extract below: 


“To obtain maximum results, benefits should accrue 
at each stage and there should be no time lag bet- 
ween the availability of benefits and their utilization. 
All inter-related activities should, therefore, be care- 
fully co-ordinated. Before starting work ona project, 
detailed investigations should be made and the scope of 
the works to be included in the programme clearly 
determined. Project reports, estimates and financial 
forecast should ke complete and changes in them should 
be necessary only for special reasons. Increases in 
estimates in a number of major projects in recent 
years have evoked adverse comment. Arrangement 
for financing should be carefully worked out for differ- 
ent stages of each project, and steps taken for their 
placement at the appropriate time:”’ 


By PLANNING COMMISSION 


Government of India 


The lag in the use of irrigation facilities was greater 
in areas in which the existing legislation does not 
provide for a compulsory charge in respect of lands 
for which irrigation is available, whether or not the 
supplies are utilised. It has also been very marked in 
the case of tube-well irrigation and in respect of certain 
projects in the South and in the Eastern regon. 


In a number of projects the failure to utilise irriga- 
tion facilities has been due to the fact that sufficient 
attention had not been given to the construction of 
distributaries and field channels along with the provi- 
sion of storage capacity and to such measures as the 
setting up of demonstration farms, introduction of 
new crop patterns and assistance to cultivators. 


As against a target of additional irrigation of 12 mil- 
lion acres proposed inthe Second Plan, the assessment 
of progress actually madeshows that if the requisite 
funds are available, the additional irrigation achieved 
would be of the order of 10.4 million acres. The phasing 
of irrigation benefits now anticipated along with the 
original phasing under the Second Plan are shown 
below :— 


(Million acres) 





Additional Irrigation 


Additional irrigation 
benefits now anticipated. 


benefits under the 





Second Plan 
1956-57.... 2.0 (actuals) 0.68 
1957-58 2.0 (anticipated) 1.11 
1958-59........ 2.0 (estimated) 2.03 
1959-61........ 6.0 (target) 6.56 





For flood control schemes, the Plan made a provision 
of Rs. 60 crores of which about Rs. 12 crores were 
required for flood control portion of the Kosi and D.V.C 
projects and about Rs. 48 crores were for other flood 
control schemes. The total outlay by the end of the 
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third year of the Plan (for schemes other than the 
D.V.C. and the Kosi) is expected to be Rs. 27 crores. 


An important factor in accelerating the fulfilment 
of irrigation programmes, especially in relation to 
medium sized projects, is the progress made in the 
States in the investigations and preparation of schemes. 
To obtain the best results, irrigation programmes have 
to be conceived in an integrated and continuous mann- 
er. It is also necessary to study the possibilities of 
utilising water resources in each region as a whole 
taking into account both large and small schemes. 
Accordingly in March 1957 the Planning Commission 
suggested to State Governments that they should set 
upspecial investigation units under experienced person- 
nel and assign to them tasks such as the location of 
areas requiring irrigation, assessment of water resour- 
ces available and of the needs of each region, deter- 
mination and reconnaissance of possible project sites 
and the preparation of preliminary project reports. It 
was proposed that these investigation unite should 
assess the water requirements of areas which needed 
irrigation and should determine which areas could 
bes be served by minor irrigation schemes and which 
were best suited for contour bunding and dry farming. 
So far, nine States have set up investigation units. 
For the better implementation of the Second Plan 
as wellas the preparation of the Third Five Year Plan, 
it is issential that all States should organise investiga- 
tions on an adequate scale. 


Power Programmes 

When the Second Fiver-year Plan was drawn up, the 
long-term target of installed capacity to be achieved 
by 1965 wes raised from 7 million kW proposed in 1950 
to 15 millionkW. Against this, the target of additional 
capacity for the Second Plan was 3.5 million kW of 
which 2.9 million kW was to be achieved in the public 
sector, 300,000 kW in the private sector and 300,000 
kW inindustrial plants providing for their own generat- 
ing capacity. It was recognised that even with the 
fulfilment of this target, it would only be just possible 
to meet the anticipated demands from industrial 
and other users for which firm indications were already 
available. During the past two yeats, there has been 
a steadily increasing demand for additional power 
generation in a number of areas. Thus, in the DVC 
area, against a total requirement of 225,000 kW, it 
has been recently decided to increase generating capa- 
city by 125,000 kW to meet the requirements of che 
railway electrification programme and of industries, 
and arrangements for securing theremaining capacity 
are under consideration. In the Delhi area in the very 
first year of the Plan it was found necessary to aug- 
ment generating capacity by 50,000 kW. 


Against a Plan provision for power projects of 
Rs. 427 crores (including the power portions of the 
multipurpose projects), the outlay during 1956-57 
was about Rs. 75 crores and in 1957-58, accoiding to 
the revised estimates, about Rs. 85 crores. The Plan 
for 1958-59 provides for Rs. 83 crores. Thus over the 
three years 1956-59, the total outlay is likely to be of 
the order of Rs. 240 crores. The total installed capa- 
city likely to be added in the first three years is 770,000 
kW, of which 178,000 kW were added in 1956-57 and 
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310,000 kW in 1957-58. The benefits realised so 
fer are not commensurate with the expenditure 
incurred, because, almost all the major schemes 
such as Bhakra-Nangal, Rihand, Koyna, Chambal, 
D. V. C., Kundeh, ete., on which the largest amounts 
have been invested are scheduled to be completed 
in the later years of the Plan. Until the recent 
onset of foreign exchange difficulties, however, 
progress on various projects in the public sector 
was more or less upto schedule. 


In the private sector, the benefits expected to be 
realised during the first three years of the Plan are of 
the order of 157,000 kW of which 150,00 kW are 
accounted for by the Trombay installation of Tata 
Power Company. Industriel projects like Neiveli, 
steel plants, Durgapur coke-oven project and others 
which include power stations in their integrated 
programmes are making satisfactory progress but 
the power stations will be commissioned only in the 
later years of the Plan period. 


The main factor which now affects the progress of 
power schemes is the difficulty in finding the requir- 
ed foreign exchange for importing heavy electrical 
equipment. It has to be noted that although some 
progress has been made in recent years in building up 
the manufacturing capacity of low voltage equipment, 
motors, transformers, etc., the country is dependent 
wholly on imports for the bulk of the equipment needed 
in implementing the power programme. Onaccount of 
the slowing down of the Hevay Electrical Plant 
Project dependence on imports is likely to continue 
beyond the current Plan. According to recent esti- 
mates power schemes included in the list of “‘core 
projects” requires about Rs. 36 crores and other power 
schemes about Rs. 3 crores of foreign exchange. Be- 
sides these amounts, about Rs. 3 crores of foreign 
exchange are required each year for the maintance 
and repair of the existing power plants. 


From the point of view of foreign exchange, power 
schemes may be conveniently divided into four cate- 
gories, namely, (a) schemes included in the list of 
‘core projects; (b) schemes which are nearing comple- 
tion and for which most of the foreign exchange re- 
quired has been committed, (c) schemes which have 
already been assured of external assistance, and (d) 
other schemes. 


Other porjects included in the Second Plan for which 
arrangements for foreign exchange have not yet been 
made have been under careful consideration. It is 
realised that the postponment of any part of the 
approved power programme is likely to create a diffi- 
cult situation towards the end of the present Plan 
and the beginning of the next. Efforts will be made to 
secure external assistance for as many of these schemes 
as possible. 


While every effort is being made to proceed with the 
entire programme to the extent possible, in view of the 
delay that has already taken place in the ordering of 

[Continued on page 20 

















Survey of Water Potential 
and Overall Needs of a Basin—I 





The question of basin development resolves itself 
into two components namely available water resources 
and the competing demands of various aspects of 
development. The water resources mainly comprise 
surface flow and under-ground supplies. 


On the other side, are the competing demands of 
(i) Irrigation, 
(ii) Flood Control, 
(iit) Hydel Power, 
(iv) Water-supplies for domestic end industrial 
purposes, ; 
(v) Dry farming and conservation measures in 
the watershed, and 
(vi) Navigation. 
Other elements entering into the water resources plan 
would be recreational use of water, fish and wild life, 
pollution abatement, insect control, drainage, sediment 
control and salinity control. 


EvoLUTION AND NEED FOR Basin WIDE PLAN OF 
DEVELOPMENT 


Most of the projects built before the Second World 
War were generally planned with one object only. 
Such a planning does not always constitute an opti- 
mum plan as per present standards. In some cases 
rivers which served primarily as water-ways, were 
rendered useless for the purpose as a result of with- 
drawal of waters for irrigation. Great economies are fre- 
quently possible by making a comprehensive _basin- 
wide plan to serve multiple purposes. Ina multi-pur- 
pose project more complete and varied use of water 
resources can be made than in case of single purpose 
project. there by reducing the expenditure on the in- 
dividual aspects. To illustrate, a reservoir when built 
for utilisation of waters for hydel electricity, irrigation, 
flood control, navigation etc. produces much less 
incidence of cost on individual items than when 
constructed for a single purpose. Various combina- 
tions of facilities may be possible resulting in savings in 
overall costs and benefits. For example, if an irrigation 
canal can be located where the topography provides 
a significant drop, power development can be had at 
a little extra cost. Another example: a reservoir space 


By HARI SINGH 


can generally be operated to moderate floods during 
the main part of rainy weather and then filled up before 
the end of rainy season so as to utilise the storage also 
for irrigation etc. Hirakud Project can be quoted an 
instance of such planning. Another exemple: Height 
of dam can be increased to provide additional storage 
for second use at comparably less cost than that re- 
quired in case of separate single purpose dam. Such 
planning can further result in optimum use through 
reservation of alternative sites for the future needs. 


The economy resulting from the use of a single re- 
servoir for several purposes requires careful analysis 
bacuse of several permutations and combinations which 
are possible by giving different weightages to different 
purposes within certain limits of requirements. The 
problem gets further complicated if operation of two 
or more reservoirs is involved in the comprehensive 
basinwide development plan. To quote an instance, 
in the Chambal Project which is under construction in 
Rajasthan Madhya Pradesh region, it was possible to 
increase irrigation by 3 lakh acres from 11 lakhs to 14 
lakhs by working out joint working tables of the two 
reservoirs proposed to be constructed atGandhisagar 
and Ranapratapsagar. In the origainal plan, it was 
proposed to operate the two reservoirs at Gandhisagar 
and Ranapartapsagar separately for constant power, 
thereby losing some waters which could not be utilised 
for irrigation purpose on account of the variations in 
the demand of irrigation during the year which is diffe- 
rent from the variations of withdrawals of water for the 
generation of constant amount of power. In the subse- 
quent joint working tables it was proposed to operate 
the second reservoir, mainly for irrigation and generate 
power which fluctuated according to needs of irriga- 
tion and the Gandhisagar reservoir was proposed to be 
operated to produce corresponding fluctuating power 
so that the sum of two figures of power generated at 
the two dam sites was constant. This meant addi- 
tional irrigation of 3 lakh acres with comparatively 
small extra storage at Ranapartap Sagar at 
insignificant cost. 
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Usually major works for utilisation of water resources 
cannot altered without substantial difficulty and rais- 
ing of spillway and apron generally constitutes a major 
problem. Moreover there are usually small number of 
sites on a river system suitable for storage dams and 
once they are appropriated for single purpose projects, 
the opportunities for multi-purpose development 
are sometimes reduced considerably or eliminated 
altogether. Therefore, it can scarcely be exaggerated 
that great care should be exercised in drawing up @ 
plan for basin-wide development for optimum utilisa- 
tion of water resources and before deciding upon the 
final plan of development all conceivable alternatives 
should be considered with due care. 


StraGEs oF INVESTIGATIONS AND PLANNING 


There are 3 stages of Investigation and Planning 
necessary for drawing up a river basin development 
plan, viz., 


Reconnaissance survey 
Detailed Investigation 
Planning of project proposals 


In a comprehensive basin development plan, all 
possible projects and their alternatives should be 
studied to formulate a co-ordinated system of develop- 
ment. Therefore, each project should have at least 
the reconnaissance stage of investigation before attemp- 
ting to draw up a comprehensive basin-wide develop- 
ment plan. Usually, it is impracticable to bring all 
the project proposals in a basin to the same stage of 


investigation and planning and oftentimes, the more 
feasible projects are found in the advanced stage of 
planning while certain remote projects may be waiting 
for the first stage of reconnaissance. 


A Reconnaissance 


In this stage, effort is made to find out feasibility 
and extent of development that can be had in the vari- 
ous projects and their alternatives in the basin, so 
that some of the schemes may be substituted by others 
or eliminated and further study of the more promising 
ones may berecommended. Thereconnaissance report 
should give a rough analysis of benefits and costs of 
the various projects in the basins and an estimate of 
costs for detailed investigation. The reconnaissance 
party should comprise experienced engineer, well- 
versed in the art of planning with a few assistants ; 
and experts on allied subjects attached to him e. g., 
geologist, agriculturist, soil specialist, economist, 
sociologist, and anthropologist. This is an ideal team 
and often time some of the specialists may not be 
necessary. It would be useful for the party to have a 
bird’s eye view by going round ina plane over the basin, 
specially in case of complicated and important basins. 
Such trips should be made during critical periods of 
the year, such as floods, droughts. Frequent use of 
topo-sheets and contour maps that may be available 
for the area should be made. Reconnaissance on the 
ground may be taken along the river courses giving 
attention to river channels and possible sites for dams, 
storages, diversions works etc. 
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For appraisal of water resources, much of hydrologi- 
cal datal as is readily available on rainfall, run-off, high 
floods and low water flows in case of surface waters and 
underground flows and storage should be collected. 


Reconnaissance for a storage reservoir should in- 
clude survey of the dam-site, foundation, rock forma- 
tion and possible sites for location of spillways, survey 
for relocation of highways and rail-roads, survey of 
land use and people within the reservoir; survey 
regarding availability of constructions materials etc. 


Reconnaissance for irrigation should include collec- 
tion of data on land use such as gross area, culturable 
area, present crop pattern, commandable area from 
various works etc. 


The above mentioned information should as far as 
possible be put down on the reconnaissance maps, 
e.g. run off at various points along the river courses, 
culturable areas, contours, highways, railroads. 
Reasons for feasibility or otherwise of the various 
schemes along with their relative advantages should 
be clearly brought out in the reconnaissance report. 


Detailed Investigation 
Generally detailed investigations are first done on 
the most attractive of the several projects in a river 
basin and in case there are alternative proposals for 
the same project, investigations are limited to the most 
promising ones. 


The deailed investigations would comprise collec- 
tion of following data:— 


A. Hydrological data for appraisal of water resources 
etc.; 

. physical and topographical data; 

. Geological data ; 

. Agricultural data 

. Structural data 

. and Economic studies 


Heo Oobwk 


Hydrological data for appraisal of water resources 
etc:— - 


The appraisal of water resources mainly comprise 
determination of the source, extent and dependability 
of supply and the character of water available at vari- 
ous salient points in the basin. This appraisal of water 
is the basic requirement for planning. As already in- 
dicated, water rescurces have been divided into two 
parts, surface water and ground water. In appraising 
the quantity of water available, it is important to 
ascertain the total quantity available within a certain 
period of time and its distribution with respect to both 
area and time. In planning, the distribution of water 
with respect to area often dictates the location of the 
various structures while seasonal distribution dictates 
their size. The basic data should be adequate to enable 
an engineer to find out (i) the variations of seasonal 
monthly and daily supplies, (ii) the mean values with- 
in certain time intervals (iii) the range within which 
the mean value varies and (iv) the extremes of flood 
and drought including the magnitude and frequency 
of their occurence. 
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The main items of hydrologic data required would, 
therefore, be rain-fall, river discharge, and sediment 
transportation in case of surface waters, yield and 
storage of ground water and other related meteorologi- 
cal data such as temperature. 


While making detailed investigations, following 
considerations have to be kept in view. 


(a) Catchment area and its sub-division: The catch- 
ment aea of various projects in the river basin may 
be divided into distinct units by tributaries. For 
each unit drainage channels which traverse the area, 
isolated hills, the portions cut by ravines, lines of 
communication bridges, and forest lands may be 
clearly mentioned. Following factors need particular 
mention— 

(t) the conditions of the area in regard to geologi- 
cal formation, permeability of soil surface and 
temperature conditions. 

(it) the nature and amount of vegetaticn in the area. 

(tit) the ondition in regard to humidity of the 
surface and sub-soil of the area, time of tain- 
fall and the existence of surface waters such as 
tanks marshes etc. 


(>) Rainfall data (Average, maximum and minim- 
um): The rainfail data should be collected for periads 
varying from a few hours to 2 week or fortnight. The 
firmer is necessary for evaluation of intensity of rain- 
fall for floods while the letter is required for tabuletion 
of rainfall for all the years for which data is available. 
Often times this data forms the basic data on account 
of paucity of other data such as run-off. Rainfall data 
is also useful for planners to meet the problems of flood 
control, reduction of soil-erosion, determination of 
quantity of water needed for irrigating crops. However, 
one cannot exaggerate the importance of having 
adequate discharge data, since the stream flow is the 
only reliable measure of the correct quantity of 
water te be utilised or controlled. 


On an average one rainfall gauge station per 150 to 
200 square miles of the basin area is considered 
sufficient. 


(c) Temperature (Average, maximum and mini- 
mum): This data is necessary in order to make 
correct estimates of evaporation losses in the catch- 
ment areas for purpose of estimating run-off etc. 


(d) Data on maximum minimum and average 
annual run-off: Adequate discharge data cf the rivers 
at following salient points are required for a number 
of years for purposes of working out the run-off ;— 

(t) just above confluence of a tributary draining 
more than say 500 square miles; 
(ii) at existing weirs, barrages and off-taking 
channels ; 
(tit) Below a possible dam site or diversion 
structures ; 
(tv) Inlets and outlets of natural lakes, and 
(v) At the head and tails of alluvial plains. 


Measurement of snowfall is necessary in moun- 
taineous regions where substantial portion of water 
resources is made available due to melting of snows. 
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In case this data is xveilable for smaller number of 
salient points, or for shorter period then thet in casecf 
rainfall data (as is generally the case), it can be co-re- 
lated with the rainfall data ona suitable graph paper 
and run-off for remaining years estimated there of. 
In case discharge data is not available for sufficient 
number of years to establish 2 co-relation or otherwise 
for check-up, resort may have to be made to the usual 
tables, like Strange and Binnie’s, for direct estimation 
of run-off from rainfall data. The run-off in case of 
these formulae may be obtained for monthly rain fall 
and then totalled to arrive at the annual-run-off. 
Such data should be worked out for all the years for 
which rainfell data is available. Weighted mean and 
isohyetal methods may be used to arrive at the 
average rainfall. 


In case of big catchments where rainfall records for 
various stations are available the whole catchment may 
be sub-divided into suitable zones and run-off obtained 
for each sub-division separately and thereafter totalled 
up to arrive at the run-off for the whole catchment. 
This data may be tabulated monthwise and yearwise 
(former in horizontal columns and latter in vertical 
columns) in order to arrive at monthly average, maxi- 
mum end minimum run-off. It would also be necessary 
to build up hydrographs of river flow both for total 
flow on monthly basis and for flood discharge on daily 
or hourly basis A map showing subdivisions of catch- 
ments by tributaries, water-sheds, rain gauge and 
temperature record stations, gauge and discharge 
sites, contours and isohyetal, is useful for making 
basin-wide study of hydrological data. 


(e) Maximum historical flood with hydrographs and 
designed maximum flood with its frequency. Following 
stuidies will need to be done : : 

(i) the peak volume, frequency, extent and re- 
sulting damage due to the historical floods ; 

(it) the probable maximum flood peak with volume, 
duration and frequency obtained from unit 
hydrograph studies or other methods cf estima- 
tion, and 

(iit) the type of flood control regulation. 


Sometimes corroboration of high flood and low water 
flows can be carried out by investigating high and low 
water marks on trees and buildings, along banks and 
working out discharge from slopes and areas of water- 
ways during such flows. 


Moreover there are currently in use a number of 
formula and enveloping curves for estimation of 
floods such as Khosla’s, Inglis, Ryve’s, Dicken’s. 


Forecast for short term changes based on certain 
meteorological information such as the forecast of 
path and coverage of flood-producing storms and the 
forecast cf water yield resulting from melting snow, 
are useful for the efficient operaticn of reservoirs and 
other structures and this fact needs to be taken into 
account while planning engineering works such as 
storages, and their spillways. 


Normally hydrologic data for about 15 years is 
considered sufficient for making reliable estimates of 


average flcw. But in regard to the extreme values cf 
flew such as floods and droughts, it is not considered 
desirable to determine such event with a recurrence 
interval longer than twice the period, for which data is 
available. Thus with twenty years of record on floods, 
it is not reliable to estimate maximum flood lerger 
than thet which occurs with a frequency of once in 
forty years. 


(f) Data on the silt erosoin: Data regarding silt load 
in existing rivers (maximum, minimum, average) 
carried by them even for a period of a few years 
is useful in order te estimate that dead storage of 
reservoirs. In absence of such data recourse mey 
have to be made to the empirical formulae such as 
Stampe’s and Khosla’s. Methcds for reducing silt 
deposit through soil conservation measures and check 
dams should also receive attention. 


(g) Ground water: An appraisal of the available 
ground water is necessary in order to know the overall 
resources of the region 2s explained earlier. But cuch 
an appraisal for ground water is more complicated 
than that for surface water ; for, sub-soil water flows 
underneath the ground through vast area and round 
to hundreds of feet in depth composed of various types 
of material with varying degree of porosity. In case of 
artesian wells, the yield may be affected by the prevail- 
ing pressure which may decrease after constant 
withdrawal of water. In case of a great underground 
reservoir the rate of pumpage may temporarily surpass 
the rate of supply but in the long run supply of ground 
water is always limited by rate of recharge. Therefore 
the most important part of investigation of ground 
water is to ascertein the annual rate of re-charge. 


In areas where large quantities of water are being 
withdrawn by means of wells, the rate of ground water 
supplies can be determined by observing the change 
of ground water level. Maximum pumping of water 
from such wells on which the sub-soil water level 
remains virtually stationary during a considerable 
period of time may be regarded as the dependable 
supply. Recuperation test on wells is usually resorted 
to find out the dependable yield of underground-waters. 
It is the rate at which the volume of water withdrawn 
from a well is replaced by the underground storage. 
This is generally high in the first days of pumpiug. 
The recuperation tests should, therefore, be done for 
& year or so especially during the years of sub-average 
rain-fall in the tract. 


In case of unutilised cr underutilised ground watets, 
special attention should be given to the selection of 
the boundaries of the water Learing area which should 
consist of hydrological and geological unit and contain 
a water body the sources and losses of which can be 
segregated and evaluated. For example, in the case of an 
alluvial plain, where ground water receives its supplies 
mainly from the rivers and discharges into drainages 
and canals, an area within natural boundaries 
forms a suitable unit for investigation. In an un- 
developed area, the inflow into the ground water 
equals the out-flow from it. The safe yield can be 
estimated by measuring flow to the area (space) under 
consideration or by measuring the rate of discharge 
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from it. These rates can be estimated by determining 
changes in the underground storage similar to those 
insurfacereservoir This willrequire periodical inven- 
tory of water entering the area which comprises percola- 
tion of precipitation and stream flow and the water 
losses from the area which comprise evaporation, 
transpiration and seepage into streams. Lysi meters 
are useful for measuring seepage coming directly 
from rainfall. Influent percolation from streams or 
canals can be measured between successive gauging 
stations after making allowance for evaporation and 
transpiration. The same method is useful for determin- 
ing percolation from reservoirs and lakes in the area. It 
should, however, beremembered that where the ground 
water table is near the surface, the under-ground 
reservoir loses water throughcapillary actionof thesoil, 
with consequent evaporation and transpiration from 
the surface. Seepage into effluent streams may be 
measured by establishing guaging stations at various 
points and evaluating the direct and the ground water- 
run-off. 


The depth of sub-soil water level from the ground 
surface is also an important item of investigation as 
this determines the lift of water. 


(h) Quality of water: Type of investigation for 
quality of water depends on the purpose of its use. 
Water for irrigational use should be free from objec- 
tionable salts beyond the prescribed limits. For 
industrial use, it should be fit for the special processes 
involved. For recreation purposes, it should be free 
from pollution and pathogenic bacteria. For fish 
breeding, it should be free from toxic substances and 
contain adequate amount of dissolved oxygen. 


(B) Physical and topographical data : 

Volume of survey work involved in collection of 
physical and topographical data would depend on the 
data already available. Arial photographic survey 
comes generally handy in case of tracts that have not 
been mapped in detail before or in case the area to be 
surveyed is large. It is necessary to have the detailed 
contour surveys for dam sites, reservoirs, canals and 
distribution system and route surveys for transmission 
lines, railways, highways etc. The contour survey 
should be fairly detailed with contour interval of 1 to 2 
ft in the plains and five feet and above in undulating 
and hilly areas. 


(C) Geological studies : 

Geological studies of reservoir sites and of founda- 
tions for the important structures involved in a 
project should be made during the stage of detailed 
investigations. The exploration of foundation can be 
made by core-drilling to such depths as the importance 
of structure may warrant. In case of limestone rocks, 
a few bigger holes would be necessary to reveal 
big cavities, if any. Where alternative sites for struc- 
tures exist, relative merits can be studied through 
foundation logs obtained with a few bore holes at each 
site. Geological structures such as faults need careful 
study by a specialist in geology. 


{D) Agricultural data : 
As mentioned earlier, this would include collec- 


tion of data on G. C. A.C. C. A., irrigated area, soil 
classification, existing and future crop pattern, their 
irrigation water requirements and steps required for 
speedy utilisation of facilities created by the projects. 
Studies of soil erosion may also be made so that 
measures for erosion may be indicated along with main 
project proposals. 


(2) Structural data : 

Under this item, data regarding alternative materiels 
of construction such as earth, concrete and masonry 
in case of dams etc. have to be investigated in regard 
to quantities required in different structures, their 
available sources and the extent, leads involved along 
with alternative methods of transport etc., so that 
economics of the alternative materials and methods of 
construction may be worked out. 


(F) Economic studies : 
For study ef economies of projects followine data 
need: to be collected :— 


\t) land use for irrigation and likely ree lise tions 
tron. weter cherges, cetterment levy etc. 

(tt) Lozd survey for power and market rates for 
supply of vower ; 

(iit) flood dameges , 

(iv) femine demages and expenditure on relief 
werk. 

\v) population end hebits of water ecnsumption 
\for wate: supply) 

(vi) water traffic for ne vization benefits along with 
comparative cost of transportation between 
.ail, road and waterways etc. 

(vit) social benefits of the water resources develop- 
ment e.g. emplr yment opportunities, tourist 
traffic. 


In addition to study of direct return from better- 
ment levy and water charges in case of irrigation 
projects, it would be useful to make a study of the 
additional income to the farmers on account of 
irrigation facilities created by projects. Anexample of 
such a study (rather rough) is given in the enclosure 
A for irrigation projects in the first and second Plan. 


Stupy FoR ALTERNATIVE PROPOSALS 


During detailed investigations, one has to consider 
alternative proposals. I will mention here a few of 
the more common alternative arrangements. 


(a) In case of reservoir projects alternative location 
of dam sites with various storage capacities including 
variation in dead storage, regulated storage and flood 
storage are generally possible. The selection from 
among various possibilities would depend upon (i) the 
topography of the reservoir sites, (ii) location of 
areas for irrigation or location of industries for power 
utilisation, (it7) foundation of the dam (iv) damage 
due to the submergence by the reservoir. 


(6) As mentioned above, alternative designs depend- 
ing upon different types and methods of construction 
material have to be considered while making selection 
of the site. It is also important that withincertain limits 











32 INDIAN JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT—JAN. 1959 


study of economic height of a dam mayrequire broad 
reiview of possible combinations of various magnitudes 
of development and changes in patterns of utilisation 
e. g. change in crop pattern. 


(c) In case of diversion works, alternative sites need 
to be considered from the view point of length and 
height of structure, foundation, command, for 
irrigation, suitable offtake etc. 


(d) Flood control may bea simple problem of enclos- 
ing a low land with embankments or may require a 
thorough study of other feasible methods such as 
detention reservoirs, diversion channel, etc. In some 
cases a combined use of various methods may give 
the most economical and effective results. 


Such alternatives should be considered in detail. 


(e) Although navigation projects are largely limited 
by the prescribed depth of the channel which depends 
mainly upon the economic development of the region, 
there may be room for alternatives such as side canals 
against canalised river, a few high damsagainst many 
low dams etc. Types of locks and lifts may enter 
into consideration. A standard type throughout the 
entire reach of navigation affords better maintenance 
and easier operation for navigation. 


(f) Hydro-electric power development: There may 
be many ways of increasing the firm power of a single 
project and a system. When considering power develop- 
ment of a river, the regulation of flow on plants 
upstream will increase the firm power of plant down 
stream. The economic study of alternative arrange- 
ments is necessary for ensuring success of the system 
as a whole. 


(g) Irrigation: In case of irrigation projects there 
could be various alternatives depending upon different 
crop pattern and change in intensity of irrigation; 
varying allocation of areas for lift and flow irrigation 
lined canals versus unlined canals. 


In short during detailed investigation all possible 
alternatives of a project should be considered and im- 
practicable and uneconomic ones rejected so that the 
best combination or arrangement for further study 
in the third stage of definite planning may be taken up. 


Enclosure A 
A rough estimate of additional income to the farmers 


on account of irrigation projects (major & medium) 
included in 1st and 2nd Plans. 


The cost of irrigation projects included in the first 
and second Plan is Rs. 1330 crores and on completion 
they will create an irrigation potential of 37.5 million 
acres. The yard-stick for additional food production 
assumed in the second Plan report was 1/5th of a ton 
per acre. This was supposed to take into account the 
various factors suchas, percentage of area under food 


crops which is usually taken to be 80 per cent of the 
total irrigated area; variations on account of the area 
being new or already irrigated from small tanks ; etc. 
Since then it appears that the yardstick has been 
raised to 0.25 ton per acre as a result of discussions 
with the States on Grow More Food Programme ; 
for, the additional food production on account of 
major irrigation projects has been raised from 2.4 mil- 
lion tons (given in the second Plan report) be to 3.02 
million tons the irrigated area remaining same namely 
12 million acres. It may, therefore, be assumed that 
the yard-stick of agricultural production including 
cash crops would be }x£ (£ represents the ratio 
of total irrigated area to the irrigated area under 
the food crops)=.3125 say.3 ton per acre. Thus 
the agricultural production from 37.5 million acres 
of irrigated area on account of irrigation projects 
included in the first and second Plan, will be 11.25 
million tons. Assuming the average market rate 
of all agricultural production (i. e. including cash 
crops) to be about Rs. 400 per ton, the value of 
the increased production from irrigation on account 
of the first and second Plan projects would work 
out to Rs. 450 crores. 


As the construction of irrigation project takes, on an 
average, five years and the development of irrigation 
takes another five years, there will be interest charges 
accruing during period. Assuming 4% rate on Rs. 1330 
crores, the compound interest charges will be 
6/4, 10 1330 

; (5% ° ene 4 
the sum at charge after ten years period of cons- 
truction and development will be Rs. 1330+320 
=Rs. 1650 crores for the irrigation projects in the 
first and second Plans. 


) =Rs. 320 crores. Therefore, 
0 


As regards collection of betterment fee,it may be 
assumed that a lump sum rate of Rs. 100 per acre will 
be recovered. In case it is recovered in instal- 
ments, the necessary interest charges will be added to 
them. The realisations from betterment fee on 37.5 
million acres of irrigated area can be expected to be of 
the order of Rs. 375 crores. Deducting this from the 
sum at charge of Rs. 1650 crores, the net outlay 
on irrigation projects in the tenth year will be 
Rs. 1650—Rs. 375=Rs. 1275 crores. 


Now coming to the question of expenses incurred by 
the agriculturist, it may be assumed that he pays a 
water rate of Rs. 12 per acre and puts in extra labour 
amounting to Rs. 13 per acre i. e. a total of Rs. 25 per 
acre. For 37.5 million acres of irrigation, the total 
expenses incurred by the farmers will be equal to 
Rs. 93.75 crores,say Rs. 95 crores. The net profit to 
the farmers on account of irrigation will, therefore, 
be Rs. 450 crores—Rs. 95 crores Rs. 355 crores on 
capitalised inv-stment of Rs. 1275 crores invested 
by the Government i. e. roughly 28 per cent annually. 


(Based on a lecture delivered at the University of 
Roorkee. It will be concluded in a subsequent issue.) 
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Discussion on Power Development in the 
Eastern Region 


I must thank you for publishing in your July, 1958 
issue the article by Mr. P. R. Sundaram on Power 
Development in the Eastern Region. 


Mr. Sundaram’s survey indicated a power deficit 
of 1.5 million kilowatts in the compact industrial region 
of Eastern India as follows : 


West Bengal 600,000 kWs 
South Bihar 500,000 ,, 
Northern Orissa 200,000 ,, 


The estimate, as Mr. Sundaram himself says, is 
conservative. For example power requirements of the 
fertilizer factory at Rourkela (already sanctioned) 
have not been taken into account. Nor the needs of a 
fertilizer factory that seems reasonable to expect along 
with the Bokaro Steel Plant at Jandih. 


He has also not taken into account the power deficit 
in eastern U.P. and eastern Madhya Pradesh over whom 
the steel-coal-aluminium-cement belt extends. Madhya 
Pradesh, where a good portion of the nationalized 
coalfields are situated, needs power acutely if those 
coalfields are to be developed. Madhya Pradesh has 
been asking for power from both Hirakud and Rihand, 
which the Governments of Orissa and U. P. are 
reluctant to give. 


The super power station of million kilowatts (or 
more) should be so situated as te be able to feed the 
five main distributing systems of eastern India—the 
D.V.C., Hirakud, Rihand, the South Bihar grid and 
the two railways under process of electrification from 
Asansol southwards at Rourkela and northwards to 
Mughalserai. It should also be capable of being exten- 
ded over the Central Indian Coalfields.(Palamau and 
eastern Madhya Pradesh) to connect with power 
houses at Korba and Birsinghpur. 


Mr. Sundaram’s argument is mainly against an 
atomic super power station in the eastern region. If 
at all it has to be, he would want it near Calcutta, and 
for that he proposes “‘segregation”’ of Calcutta’s power 


supply from that of the rest of eastern India. He uses 
that much laboured word “strategic”. An atomic 
power station very near the frontier may not be good 
strategy at all 


There is however some force in his argument as 
regards costs. He justifiably argues that if flood protec- 
tion has to be ensured and expense undertaken on it 
and irrigation, it may be more economic of national 
effort to give a generating head to the fleod protection 
storage and tc lead water for the canals through pen- 
stocks 


Similarly he argues that by-products of coal washing 
used for thermal generation may be more eccnomic 
than atomic power. 


Neither a hydel nor a middlings-thermal power 
station can really fill in the bill for a regional super 
power station. Hydel generation on the Kosi may give 
the amount of power needed but will need long trans- 
mission lines. A thermal station fed by washeries would 
also he not quite geographically central, rather in the 
pocket between Dugda, Kargaliand Bhojudih. 


Against all the arguments about the cost of an 
atomic power plant is the fact that it is a lever for 
technological progress, and there is the need for raising 
the technological level in the eastern industrial area to 
something near that of Western countries. 


The most central site for a regional super power 
station is Lohardagga from where short transmission 
lines can be run to all the major dist: ibuting systems 
as follows : 

1. eastwards to Ranchi, Muri, Asansvul, Tatanegar, 
Ramgarh and Bokaro via Itki and Mandar ; 


2. northwards to Bhurkunda, Dalmianager, and 
Mughalserai vial Chhipadohar, Barwadih, Rajhara 
coalfields, Daltonganj, Japla, Genhwa Road, Garhwa 
and Churk. 


3. Southwards to Hirakud vial Gumla, Simdega, 
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Birmitrapur quarries, Rourkela, Sundergarh, 


Jharsuguda and Sambalpur. 


4. westwards to Amarkantak where the Sone, 
Mahanadi and. Narbada rise and where to feed a por- 
posed aluminium plant a thermal power station is 
being built. The Westward line could cn the way boost 
the generation of the small power house at Netarhat 
and supply Ambikapur and Chirmir and meet deficits 
of the power houses at Korba, Pendra Road and 
Birsinghpur by distributaries. 


The local justification for a super power station at 
Lohardagga would be the bauxite quarries, and nearby 
(less than 50 miles awey) would be the Habia heavy 
machines plant needing 40,000 kW. The Karanpur 2. 
coalfields, also less than 50 miles away would consume 
20,000 kW and there should become load available at 
the cement factory at Khelari and at the townships 
at Lohardagga, Latehar, McCluskeiganj, Itki, Mandar, 
Gumla and Simdega. The aggregate local demand. in 
the radius of 50 miles would be 100,000 kW. 


Unfortunately the Bihar Government’s power dis- 
tributing lines have given priority to Bihar populations 
and have ignored Adibasi areas like that of western 
Ranchi end Palamau. Lift irrigation from power 
worked tubewells on the Ranchi plateau for market 
gardening has not been tried. If it was the super power 
station at Lohardagga would have an additional load 
in them, and there is of course the definite possibility 
that at each township where power is supplied saw- 
mills would grow up. 


The sawmills deserve particular attention. So far 
there has been no mention of any proposal by the Bihar 
State Electricity Board to avail of the electrification 
of the Tatanager Rourkela railway track to supply 
power to sawmills at Sonue, Gotkera and Manharpur. 
If such a supply was ensured sawmills may also spring 
up at Lotapahar and Poseite. 


A similar supply in Palamau may encourage sawmills 
at Latechar, Kumandih, Chhopadohar, Barwadih 
and Kechki. The sawmills in their turn may lead to 
establishment of other timber industries and of wood 
distillation plants at Goilkera and Barwadih. 


The net results of supplying power to the forest 
areas would be that the State’s revenue from the Re- 
served Forests (excluding Protected Forests) now at 
Rs. 50 lakhs annually may be doubled, besides 
leading to many industries. 


Whether the regional super power station would be 
atomic or thermal is of minor importance but the ques- 
tion of cost may not be such a decisive factor as Mr. 
Sundaram mekes out. Since the 1921 survey of hydel 
potential it had been assumed that because of proxi- 
mity to coalfields water power in eastern India would 
not be as economic as in north, west and south India, 
but now Mr. Sundaram does not hold that argument 
against hydel generation in Eastern India for which 
he makes many proposals. 


Eastern India needs.so much power that atomic 


generation here may prove more useful than in the 
other three regions. 


Dr. H. J. Bhabha at Geneva last summer seemed also 
to defer the siting of a regional atomic power station in 
East India. He said there were three firm proposals 
(probably for the non-coal areas) and a tentative fourth 
(probably for eastern India). Recalling the analogy 
of hydel development it may be wise to plan five ato- 
mic super power stations, the fifth being in centrai 
India and kept in reserve for a slightly later date. 


The atomic super power stations would interlink 
thermal and hydel systems much better than new, 
installations of either and by developing intoregional 
governing generating centres they could offset varia- 
tions in generating capacity of their subordinate 
power houses caused by draught and coal transport 
failures. 


Regional atomic super power stations could also help 
to give India a uniform power tariff. As it is, Bihar 
rates are higher than those of South India, and it has 
been urged on the floor of the Lok Sabha that a single 
tariff would be advisable. If we equalize steel prices 
and have even considered equalizing coal prices all 
over the country, a single power tariff seems more 
rational and practicable than either and would help 
in the decentralization of industry. 


Aiyar Dam Crosshead 

Mr. Sundaram’s hydel proposals for the Subar- 
narekha seem to have ignored the possibilities of 
making that rive navigable by barges from the Hooghly 
esturary via Orissa coast Canal upto Jamshedpur if 
not up to Muri. ; 


There is a chance of the revival of the proposal for 
the Aiyar dam on the Damodar asa necessary flood con- 
tro] measure. That would make available some water to 
be diverted by a short canal to the Subarnarekha to 
supplement storage on the river itself. With the D.V.C. 
navigable canal reaching upto Durgapur and the 
Subarnarekha made navigable upto Muri (or even to 
the Aiyar) reservoir on the Damodar (via the suggested 
canal) the development of the steel-coal belt and especi- 
ally of the Damodar Valley industrial area, could be 
accelerated. A navigable Subarnarekha should be 
particularly helpful in the transport of heavy goods 
like iron and steel from Jaridih (Bokaro)and Jamshed- 
pur, coal from the Ramgarh and Bokaro Coalfields 
iron ore from the Mayurbhanj hills. 


Calcutta crosshead 

As regards power supply for Calcutta, if Mr. Sun- 
daram wants to segregate the city from its regional and 
hinterland out of fear of radioactive fall-out I have 
nothing to say. An atomic poer house should be as 
far within the country as possible from the strategic 
viewpoint. The chances of the supply being cut can be 
ensured by having more than one transmission line, 
and it would be advisable not only to extend the 
D.V.C. lines from Jamshedpur to Bawua via Kharag- 
but also to lay a direct line from Lohardagga 
to Calcutta through Ranchi, Muri, Purulia, (with a 
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connexion to Asansol and Chittaranjan), Vishnupur 
(with branches to Bankura and Durgapur and to 


Burdwan),Champadanga, Arambagh and Tarakeshwar. 


Focal Point crosshead 

If the last mantioned line is built the Lohardagga 
super station may be well at the intersecting point of a 
eastward line from Amarkantak (or Jabalpur) to 
Calcutta and a north-south line from Patna to Cuttack 
via Pali, Tekari, Sonnagar and Daltonganj. 


Sri Sundaram’s article is well-timed and deserves 
serious and immediate consideration by the authorities 
connected with power development in the Eastern 
Region where the demand for power is growing very 
fast and available capacities are found inadequate to 
cope with the same, resulting in shortage of power. 
The situation is worse in Damodar Valley area where 
basic industries like Iron & Steel and Coal are suffering 
for shortage of power. The above condition is likely 
to continue for the next few years if immediate steps 
are not taken to augment the generating resources 
of the region and in particular the areas now served 
by the DVC Power System. 


This subject has recently been discussed in a Sym- 
posium organized by the Bengal Centre of the Insti- 
tution of Engineers during its half-yearly session 
in the Indian Institute of Technology at Kharagpur 
on the 27th and 28th September, 1958 where a num- 
ber of papers were read and discussions thereon were 
very lively. I would suggest that all those papers may 
be collected for publication in the Journal with due 
permission so that discussions on Sri Sundaram’s 
paper may become well representative. 


Sri Sundaram has mentioned some probable power 
projects for development. I am sure all these will be 
studied in detail both economically any technically 
before taking decision for their implementation. Al- 
though there are enough load, those are likely to 
materialise in the region during the next few years. It 
has to be ensured that available capacity is utilised 
within shortestpossible time after generation. In doing 
so, generation and utilization are to be co-ordinated. 
Equally bold plan for utilization, which is no doubta 
difficult and stupendous ask, is necessary simultaneous- 
ly with generation. There may be a hold up in respect 
of utilization on account of non-availability of capital 
equipment in time, dearth of foreign exchange and 
experienced technical personnel, if plans are not drawn 
up well in advance with the generation schemes. 
‘One should not eat more than he can chew” must not 
be lost sight of at the time of planning out of over- 
optimism. 

The author has not mentioned anything about the 
agencies to execute the proposed power generation 
schemes located in West Bengal and Bihar. 


I feel thet this may also be considered along with 
the subject. Although the area of operation of the 


The issue of a regional atomic power house is not 
academic as Mr. Sundaram putsit. Rather it is moral 
and spiritual—are we content to lag behind others 
or to quickly draw abreast ? And when moral issues 
involving the moulding of a nations, character and 
destiny are involved cost, practicability expediency 
and economices are of secondary importance if not 
irrelevant. 


Hamdi Bey 


II 


Damodar Valley Corporation is restricted under the 
DVC Act, it maybe extended by the State Governments 
of West Bengal and Bihar as per the Act as has been 
done in allowing the DVC to extend its transmission 
end distribution system to Dalmianagar in West, Patna 
in North, Jamshedpur Kharagpur in SouthandCalcutta 
in East, which i. operating for some time to meet the 
requirement of the above areas. It is reasonable to 
expect that future requirment of these areas should also 
be met from DVC sources. In doing so, no legal lacuna 
should stand in the way to locate the requisite 
generating units at suitable places by the DVC 
so that loads could be met satisfactorily. 


The DVC has already established a major power 
system. It may he possible for them to generate and 
transmit (EHT) additional power at a cost much 
cheaper than by a number of agencies, if they are indi- 
vidually allowed to develop the generating resources 
at various sites in theirregion. This, I consider, needs 
serious consideration at the time of planning from the 
point of view of economics. Retail distribution of 
power from a central source, like DVC, who has already 
acquired requisite trained and experienced technical 
personnel for such works, may have to be done more 
efficiently by the State Governments, who are yet to 
build up the requisite organization for construction 
and maintenance of large-sized power stations. 


Under the circumstances, I feel that agencies for 
execution of generation and distribution schemes 
may be kept separate. This may be considered by the 
Governments of West Bengal and Bihar. 


Sri Sundaram has stated that problem of power 
supply to Calcutta will assume such proportion as to 
necessitate its segregation at some stage or other from 
the Eastern Region, if no economical central station 
with transmission is practicable. 


It may be stated that planning for power develop- 
ment on regional basis was conceived in the Third 
Engineers’ Seminar held at Srinagar in July, 1955. In 
consonance with the same, it was decided in last Power 
Engineers’ Conference held in January, 1957 at Ban- 
galore (Resolution Nec. 6) that power development 
schemes should be drawn on zonal basis to achieve 
maximum benefit of the resources in favourably 
placed. area, of the Zone. A technical Sub-Committee 
of the Eastern Zonal Council has already been set up 
ag per the above decision for such purpose and the said 
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committee is functioning from scme time. The propo- 
sal of Sri Sundaram to segregate Calcutta from rest 
of the Region does not seem to be in conformity with 
Resolution No. 6 of Power Engineers’ Conference. 
Moreover, Transmission System of the DVC has already 
been extended to Calcutta with the permission of the 
Central Government and State Governments of Bihar 
and West Bengal tc supply as much power as the Cal- 
cutta Electric Supply Corporation would require to 
meet the requirement of their licensed areas. The DVC 
is already supplying power to the CESC. I am of the 


Sri Sundaram deserves congratulations for publish- 
ing the above paper at a time when acute shortage of 
power is experienced in the Eastern Region particularly 
in a highly industrialised area like DVC which is affect- 
ing the core of the Second Five Year Plan. 


I would like to make a few observations in relation 
to planning for power development in connection with 
the above paper. 


Cost of industrial produce should be cheap as far as 
possible. Moreover, electric service to the public for day 
to day need should also be cheap. Endeavours should, 
therefore, be made to produce electricity as economi- 
cally as possible. Although a number of power projects 
have been mentioned by Sri Sundaram for development, 
no comparative study of economics has been made by 
him in the paper. Economics keeping in view techni- 
cal suitability should be the guiding principle for 
power development in the interest of the country. 


Super thermal power stations should ordinarily be 
located as far as possible at the load centres to keep the 
cost of transmission minimum, While doing so, econo- 
mics of cooling water arrangement for the power sta- 
tion and also the availability of fuel at cheap rate have 
also to be studied. In addition to above power develop- 
ment schemes should also to be viewed from technical 
consideration, namely, stability of supply and voltage 
conditions at consumer’s end. 


In recent time, a strong school of thoughts is noticed 
amongst the planners for power development at high 
level that large-sized thermal power stations should be 
located close to coal washeries on the ground of utilisa- 
tion of middlings available from the washeries irrespec- 
tive of the fact whether adequate supply is available 
to meet the long term requirement when the power 


strong view that by suitable location of power stations. 
and with minor modifications to the existing transmis- 
sion system of the DVC, future requirements of the 
Calcutta area may be satisfactorily met. 


Before conclusion, I must thank Sri Sundaram for 
taking great pains in presenting an important paper 
like this to which I invite attention of all power 
engineers of the Eastern Zone. 


P. R. Roy Choudhury 


III 


station is expanded and cost of middlings is economical 
as compared with coal. It is not clearly understood 
how the responsibility for utilization of middlings 
devolves on the planners for power development even if 
the cost of middlings is not economical for power 
generation. This thumb rule approach for location of 
power station is not clearly understood when there is a 
possibility of alternative use of middlings and the cost 
of electricity has got a direct bearing on national 
economy. 


I shall be glad to know from Sri Sundaram to what 
extent the proposed power station of the DVC at 
Dugda satisfies the above condition. If I exactly 
remember, Sri Sundaram in January, 1958 issue 
of Bhagirath (Monthly of the Ministry of Irriga- 
tion & Power) advocated the installation of a super 
power station in the Bihar Coal-Field areas close to 
the coal-washeries. AsfarasI am aware, the proposed 
power station of the DVC at Dugda is neither econo- 
mical nor technically sound. There are reasons to 
believe that extraneous considerations other than 
engineering seem to have influenced the decision about 
the location of the power station at Chandrapura, 
which is hardly 16 miles away from the Bokaro Power 
Station of the DVC, in preference to expansion of 
Durgapur Power Station where there are adequate 
expansion facilities. One can hardly understand the 
need for installation of a new power station with only 
one generating unit before utilising the expansion 
facilities in the existing stations. The reasons tc locate 
the two power stations so closely when the loads are 
scatterred are also not understood. Can the proposed 
generating unit for railway, electrification scheme be 
not located at Bokaro when the cost per kW installed 
will be 50% cheaper than a new power station. I shall 
be glad to have Sri Sundaram’s comments on this. 


Shantoo Roy 

















Editorial 


ON TAP OR ON TOP? 


This year the annual session of the Indian Science 
Congress was held at Delhi. Inevitably therefore the 
programme was not only crowded ; it was enveloped 
also in pomp and show. The situation was further 
heightened by the presence of the Duke of Edinburgh. 


The Science Congress sessions have been very crow- 
ded for sometime past. It of course helps a large number 
of the younger generation of scientists to come in 
touch with elder scientists in this country as well as 
from outside. They not only hear lectures and discus- 
sions on the topics with which they are academically 
or personally connected but also on the other allied 
topics and branches of science. Thus it has a popular 
educative impact on the younger generation of scien- 
tists. But so far asthe more serious and elder scientists 
are concerned, the Science Congress sessions have 
ceased to be of great value as an occasion for serious 
discussion. The hospitality of the local institutions and 
governments also is so overwhelming that there is a 
tendency to crowd the programme with entertainment, 
leaving no margin for academic work. 


This is not 2 new experience to the Indian Science 
Congress. Occasionally some scientists had raised this 
issue before but, it appears, to no material conse- 
quence. The pattern of these sessions continues to be 
uniform and set in the old groove. It is now time that 
some serious thought is given to this aspect of the 
matter. 


Is it not possible, for example, to have two ty pes of 
sessions, one of 2, popular pattern and another a more 
serious one, each meeting, say, once in two years ? 


So far as this Journal is concerned, it had sponsored 
a symposium on Power Development in India in close 
cooperation with the President of the Engineering and 
Metallurgical Section of the Science Congress this 
year. A report of this symposium is published else- 
wherein this issue. The last issue of the Journal was a 
Special Number containing all the papers read at that 
symposium. It was apparent, both from the character 
of the audience as well as of thediscussion, that suitably 
organised, such symposia would prove extremely 
valuable in the evolution of some broad policies for the 
country. 


As usual, Pandit Jawaharlal Nehru took active in- 
terest in the Science Congress session inspite of his 
other activities. He made several speeches in that 
week of crowded engangements, and these were notable 
for some interesting remarks. Compared to his spee- 
ches on similar occasions a few years back, to be specific 


at about the time when the Second Five Year Plan 
was in the making, Mr Nehru this year emphasized 
the humanist values in the context of the fast develop- 
ing technological age. He appeared to be cautious in 
boosting science to the skies. Possibly this is the reac- 
tion of a sensitive and cultural individual in an age of 
the hydrogen bombs and the sputniks. He said in his 
characteristic manner ‘Some say we shall go next to 
the Mars or the Venus or the great space around the 
earth. Yet we forget perhaps what is happening on 
this earth and we cannot fully manage the earth’”’. 
He further seid : “Broadly speaking science is driving 
out many of the gods before whom people bowed, and 
itself assumed a godlike nose—like Janus, the god of 
January. It has two faces—the face of the Creator 
and the face of the Destroyer’. 


Thus he was driving towards the need to realize 
that there is something as “‘social consequence of their 
scientific work and study, that there is even in science 
some moral issues involved’. 


He felt that ‘““While on the one hand there is this 
magnificient and inspiring advance, sometimes there 
is evidence of the inner decay of the mind or the spirit, 
some cracking of the social structure, some lack of 
integration of the human, national personality. These 
contradictory processes go on at one and the same 
time. He was led in this way to discover a kind of 
“displacement in mind and not in physical body”. 
“This was leading to inner conflicts and inner difficul- 
ties in individuals, groups and nations’, He, there- 
fore, strongly felt that it is time that science 
loc ked at the heart of che human being, the mind and 
the spirit or the human being and try to integrate 
it with all the advances it is making’’. 


In brief, he does not condemn science ; in fact he 
wishes to encourege it still further; but he points out 
that simultaneously it is necessary to focus the light 
of science on man’s mind so that the creator of science 
himself is able to develop an integrated personality. 
Thus he comes to give an emphasis on the human, 
individualistic aspect of science and its impact on 
society. It was our feeling that Pandit Nehru for 
sometime past neglected this basic problem that the 
modern society and the individual is facing while he 
was encouraging the rapid industrial and scientific 
development. We ezre indeed very glad that he has 
stopped to contemplate on this aspect of the matter 
and to balance the tempo of science and integrate it 
with the necessary quantum of human values. 
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It was, therefore, interesting to hear at Delhi a 
rather sharp tone of controversy between Prof. 
Mahalanobis and Mr Nehru as to whether the scientists 
would be “on tap or on top”. The very use of these two 
words gives out an inkling of the attitude of mind that 
emerges from it. The “struggle” is between the scien- 
tist and the politican for power, power over society. 
Should the politicians have the right to plan the mould 
of the society to which the individual has to fit himself 
and, in doing so, use the scientists ? Or should scien- 


tists have the monopoly of the human ‘guinea pig’ in 
experimenting on the species and ask the politicians 
and propagandists to form “public opinion”’ necessary 
for the purpose? The basic motivation of aggressive 
scientists or politicians seem to be emerging from the 
self-same source. Mr Nehru came sharply on the 
scientists no doubt. Butis Mr. Nehrusureifhe would 
stand by his humanist self as against the politician 
in him? Can there be no other relationship except 
as those expressed by the two words ? 


Our Contributors 


Dr. Monoranjan Dutta Chief Engineer, West 
Bengal State Electricity, is a frequent contributor 
to our journal. 


Mr. 8. Szafranski Ing. Dipl. 
(1.E.T. & E.S.E.) A. M. I. 
Mech.; A.M.I.E.E. is working 
with Messrs. National Elec- 
trical Industries Ltd. in the 
= capacity of Transformer 
* Manager, responsible for 
designs, production and 
‘ sales of transformers. He 
received his basic technical 
education in France and 
Great Britain and has gained 
F practical experience at the 
works of several Continental 
and British electrical manufacturers prior to his 
coming to India in 1947. In addition to his professional 
work Mr. Szafrénski is active in the field of techni- 
cal education and has contributed several papers 
and monographs on electrical engineering. 


Mr. F Kochis is Chief, Engineering Division, Army 
Engineer District, Sacramento, under the Army 





Corps of Engineers, U. S. A. The present contribution 
is just a note on the project sent at the request of 
this Journal, 


Mr. Hari Singh K. M. first in 
Sind in B.E. (Civil) examina- 
tion of the Bombay Univer- 
‘sity. Ranked first in the Sind 
Service of Engineers Class I 
examination held: by the 
Bombay-Sind Public Service 
commission in 1944 and was 
appointed Asstt. Executive 
Engineer in the Sind P.W.D. 
On migration to India, joined 
Central Water and Power 
. Commission and worked’ in 
the Hirakud Project from 1947 


‘to 1952 and constructed 200 ft. high earth dam in 


the gorge portion. Constructed Ratania Earth Dam 
and other emergent works on Kakrapar Project. 
Worked as Deputy Director in CW & PC from 
1953 to 1956. Working as Dy. Chief (Irrigation) in the 
Planning Commission since 1956. The present contri- 
bution is based on a lecture delivered at the Univer- 
sity of Roorkee. 


























Aluminium Conductor Manufacture in Orissa 


The first reel of aluminium conductor manufactured 
at the new works of The Aluminium Industries Limi- 
ted, Kundara, Kerala State—India’s largest manufac- 
turers of 2luminium conductors and acces-ories—was 
handed over to Mr. M. S. Thirumale Iyengar, Chief 
Engineer, Hirakud Dam Project, at Hirakud in Orissa 
State, on January 16, at a function’presided over by 
Mr. Sailendra Narain Bhanj Deo, Minister fcr Works. 
Orissa State. A large gathering of officials, company 
executives and others attended. 


Speaking on the occasion, the Minister said that the 
Hirakud Dam Project was a tremendous achievement, 
but for which new industries in the State could not 
have been dreamt of. “The reel now being handed over 
will be used for taking power from Hirakud to Balasore” 
he said. Ccncluding, the Minister said: “It is gratifying 
indeed to note that aluminium metal produced with 
Hirakud power will be used by the Aluminium In- 
dustries Limited for making conductors, thereby, also, 
helping the country te conserve its foreign exchange 
resources.” 


Accepting the reel on behalf of the Hirakud Dam 
Project, Mr. Thirumale Iyengar observed that the 
Seshasayees were pioneers of many industries in the 
south, and that in the early years they were connected 
with the management of several electric supply un- 
dertakings in South India. ‘They established a factory 
at Kundara in Kerala State about nine years ago, fcr 
the manufacture of aluminium conductors and they 
have now come over to far off Orissa to erect a factory 
at Hirakud, next door to their raw material suppliers 
The Indian Aluminium Co. Limited” he said. He 
added: “Conductors are the life-lines of the trans- 
mission and distribution networks of a country and will 
continue to be so until technological developments 
advance to such an extent as to make a conductor- 
less transmission and distribution system possible ”’. 
“Until then, the conductor-manufacturing industry 
will occupy a supreme position in the electrical field, 
confronted with the task of feeding heavy and small 
industries in vatious parts of the country and for 
supplying power to mejor and minor industries so as to 
help the economy of the country, an economy which is 
backward’. 


Concluding he said: “It is a privilege for me to 
receive the first reel of conductor made at this plant 


using Hirakud power, and this reel will be used for 
transmission of Hirakud power to Balasore.” 


Earlier, Mr. B. V. D. Menon, Director of the com- 
pany welcomed the gathering. He said thet the chief 
reason that prompted the company to locate the plant 
at Hirakud was that the Indian Aluminium Company, 
thei) principal raw material suppliers, who had already 
had an aluminium smelter in Kerale Stete, wes buil- 
ding their new 10,000-ton smelter at Hirakud. “It is, 
therefore, but natural’’ he said “that we followed 
them at Hirakud to establish our factcry next door to 
their own. We expect aluminium to be made available 
to us at a cheaper rate and we will in turn be able to 
offer our conductors at a cheaper rate fer the power 
projects of the country.” 


Presenting the Project Report of the new works, 
Mr. R. K. Nair, Project Engineer, said that the total 
floor area of the factcry buildings was a little over 
50,000 sq. ft. and that a considerable quan‘ity of 
aluminium sheets bad been used for roofing and side- 
cladding, and aluminium conductor: for electric power 
and lighting wiring. 


Requesting Mr. Thirumale Iyengar to accept the reel., 
Mr. V. G. G. Nayar, General Manager, said thet the 
reel crystz llised in itself the experience of the company 
as pioneer manufacturers ot aluminium conductors— 
an experience acquired through the manufacture cf 
150,000 miles of conductors. “It is indeed a happy 
augury for Alind to have as the first customer of this 
new works, one like Mr. Iyengar whose very touch 
has spelt success to so many outstanding engineering 
projects in this country.”’ he said. 


Concludiug, Mr. Nayar said: “Quality first in the 
product and service first to the customer have always 
been Alind’s watchwords and with the new facilities 
now available at Hirakud, we feel even more confident 
cf living up to these two cherished ideals. By handing 
over the first reel of conductor made here to the Chief 
Engineer of Hirakud Dam Project, we symbolically 
dedicate the production of this plant and the services 
that go with it, to all our customers in Orissa and the 
neighbouring States.” 


Mr. K. R. O. Nair, Asst. Engineer, Technical, 
proposed a vote of thanks. 
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Book Review 


The Upper Holston Projects: TVA Technical Report 
No. 14. 


The Tennessee Valley Authority announces the 
publication of Technical Report No. 14, The Upper 
Holston Projects..This report details the planning, 
design, construction, initial operations and costs of 
four major dams and reservoirs in the eastern tip of 
Tennessee. Watauga and South Holston Dams are 
earth-rockfill structures; Boone and Fort Patrick 
Henry Dams are concrete gravity. The report includes 
as an appendix the improvement of the minor Wilbur 
project in the same area. The single volume contains 
1236 pages, including 408 illustrations. 


In addition to the importance of these hydroelectric 
projects for local flood protection and in the overall 
system operations, the layout, design, and construc- 
tion involved problems and methods of genera] interest, 
and of particular interest to engineers and construc- 
tors engaged in similar river control work in this and 
many foreign countries. 


The report covers each project in a detailed descrip- 
tion of preliminary investigations, including geology 
and river flow; dam and powerhouse design; construc- 
tion methods, including construction plant, river 
diversion, employee housing, and access facilities; 
relocations and adjustments in the reservoir area; 
initial operations; and a complete summary of project 
costs. The appendices include a complete statistical 
summary of physical features on each project; reports 
of the engineering and geologic consultants; summaries 
of hydraulic studies; lists of major purchases ot materi- 
al and equipment; and a report on the renovation of 
the Wilbur Dam, a small hydroelectric plant. Biblio- 
graphies on each phase of the development are also 
included. 


The Upper Holston Projects may be purchased 
from the Tennessee Valley Authority, Treasurer’s Office, 
Knoxville, Tennessee, for $4.50. Other published 
reports in this series include: The Norris Project, publi- 
shed in 1939; The Wheeler Project, 1940; The Pick- 
wick Landing Project, 1941; The Guntersville Project, 
1941; The Chickamauga Project, 1942; The Cherokee 
Project, 1946; The Hiwassee Valley Projects, Volume 
1, 1946; The Hiwassee Valley Projects, Volume 2, 
1947; The Douglas Project, 1948; The Watts Bar 
Project, 1948; The Watts Bar Steam Plant, 1948: 
The Fort Loudoun Project, 1949; The Fontana Pro- 
ject, 1949; and The Kentucky Project, 1950. Except 
for the Norris, Wheeler, and Pickwick project reports, 
which are out of print, these reports are currently 
available from TVA Treasurer, Knoxville. 
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Cast Iron Flanged pipes manufactured 
by The !ndian Iron & Steel Company 
Limited stand up to service conditions 
where fluids are pumped under high 
pressure. Made to British Standard 


specifications under rigid quality con- 


trol these pipes are able to withstand 
corrosion for long periods under the 
most exacting conditions. Specially 
designed Double Flanged pipes for 
sand stowing in coal mines are also 


manufactured by the Company. 
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